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1. The theory selected, in the follow- 
ing article, is that of Dr. Hermann Schef- 
fler, * which will be quoted from literally 
in places. A sufficient number of experi- 
ments with wooden arches, probably to 
establish this theory, will also be given. 

It is necessary to consider the principle 
of the least resistance in order that the 
thrust, anywhere in an arch, in direction, 
position and magnitude, may be located. 

The Rev. Canon Mosely is the author 
of this principle, which has been ampli- 
fied by Dr. Scheffler in his treatise above 
alluded to. It may be briefly stated thus : 

Principle of the least resistance. Let 
the external forces which act upon a 
structure, be combined into one resultant, 
P ; and let the resisting forces R’, R’’ - - - 
be each decomposed into components re- 
spectively 1 and || to the direction of P. 
Then will the components of R’, R’’ 
---- 1 to P be the least that will 
cause equilibrium, consistently with the 
physical properties of the body or 
bodies composing the structure. For 
the sum of the components || to P must 
equal P ; but the components | to P are 
only brought into play from the peculiar 
disposition of the resisting surfaces of the 





*Detailed in his most excellent German work, a French 
translation of which by M Victor Fournie is entitled “ Traité 
de la Stabilite des constructions; Ire partie, Theorie des 
Voutes et des Murs de Souténement.”” Paris, 1864. 
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structure and there is no need for their 
further increase after they bave caused 
stability. 

As M. Fournie observes: This supposes 
first, “that the molecular actions, which 
constitute the reactions, take place with- 
out sensible velocity ;”’ secondly, “ that the 
molecular actions are developed success- 
ively ; so that the system cannot arrive 
at the position of greatest tensions with- 
out having passed through the positions 
of less tensions. Constructors willingly 
admit these propositions as plausible. 
The principle follows immediately.” 

Example. * Let a beam, as in Fig. 1, 
lean against a horizontal wall at A and a 
vertical wall at B; its extremities may 
slide on those planes, requiring friction 
to preventit. The weight P of the beam 
acts through its centre of gravity, and by 
the above principle, if the resultant re- 
sistances at A and B be decomposed into 
vertical and horizontal components: the 
sum of the vertical components=P and the 
horizontal components must be the 
smallest that the friction, between the 
walls and beam, will admit of : hence the 
directions of the resistances F, R, and 
F, R, must be as near the vertical as pos- 
sible. But with regard to the physical 
disposition of the surfaces AE and BE, it 





* “ Traits de la Stabilité,” § 5. 
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is necessary to equilibrium that the di- 
rections of R and R, make angles with 











Fia. 1, 
\y 
F Re y 
B 
Pe 
Aj fa BE 
' 
| 
a 
' P 





R, M 


the normals to BE and AE, at most, 
equal to the angles of friction ¢,, ¢,, of 
the ends of the beam on those planes : 
hence take R, 6 N=, which gives the 
direction of R, As the direction of R, 
must intersect that of R, on P: we have 
F, R, the direction of R,. 

It is evident that for incompressible 
youssoirs, the force R, passes through } 
and R, through a, as this gives the least 
horizontal thrust; the directions of R, 
and R, being more nearly vertical than 
when they pass throug hany other points, 
as A and B. 

For an elastic, compressible beam ; 
as it will bend as well as compress at the 
edges, the force R, will pass near edge c, 
and the force R, near edge a. 

If by the construction above, R,a M 
becomes > ¢, the beam will fall by slid- 
ing. The molecular resistances at A and 
B act along a portion of the surfaces be, 
aA, for compressible beams, though they 
vary in intensity so that their resultants 
pass near the edges c anda. For the 
mere supposititious case of an incompres- 
sible beam, the resultants pass through 
the edges, and hence there is but one 
molecular force acting on a mathematical 
point at either bur a. An experimen- 
tal proof of this theory will be given in 
Art. 10. 

Most writers assume the force R, as 
horizontal, which is evidently only the 
case when there is no friction between 





the beam and the vertical wall. This is 
among the untrue hypotheses that are 
often so confidently stated by learned 
mathematicians. 


SYMMETRICAL ARCHES. 
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2. * ‘* We shall consider first an arch, 
formed of two branches AC, BC, (Fig. 2), 
symmetrical and placed in juxtaposition, 
and comprised between two parallel ver- 
tical planes j to axis of arch,” the arch 
being right cylindrical. “This arch, 
composed of voussoirs in the shape of 
wedges, formed of incompressible materi- 
als, leans against two abutments at its 
extremities A and B, and is loaded not 
only with its own weight but with any 
other weight whatsoever, distributed 
symmetrically on either side of the crown 
C. The mass ofthe arch is subject to the 
laws of friction in its joints. The adhe- 
rence of the mortar, interposed between 
the voussoirs, being difficult to estimate 
will not be considered.” As the two half 
arches are symmetrical as te the crown 
C, it is clear that the points of applica- 
tion, A and B of the reactions R, and R, 
of the surfaces of support, will be also 
symmetrical in relation to the vertical 
passing through the crown, and that the 
line AB will be horizontal, in whatsoever 
nanner the points A and B may vary 
upon the surfaces of support. 
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If we decompose the reactions, R, and 
R,, into their horizontal and vertical com- 
ponents P,, Q,, P., Q,, we should have 
P,=P,= the weight of half arch with its 
load, and the thrust Q,—Q,, should from 
the principle of the least resistance be a 
minimum. 

Let us consider now one of the two 
halves, for example AC. Let EP, be the 
vertica! passing through the centre of 
gravity of this half with its load ; to hold 
this mass in equilibrium it is necessary 
that there exist at the crown a force 
whose direction CE passes through 
the point of intersection E of the vertical 
EP, with the direction of the reaction R,. 

As the vertical component of R, equals 
the weight P, acting through E, we con- 
clude, without difficulty, that the tension 
at the crown C of the arch is necessarily 
equal to the second component Q,, of the 
reaction R, and must be horizontal as it is. 

From what precedes we are allowed to 
consider only a half-arch, leant against a 
fixed surface at A, and solicited by a hori- 
zontal force at O. When there is equilib- 
rium, we shall seek the least value of this 
horizontal force Q and its point of appli- 
cation at the crown. 
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8. (Fig 3). Let ab, a,b,, a,b,, be the 
joints of an arch; P,, P., the vertical direc- 
tions of the weights of the parts ab b,a,; 
abb, a,; including the loads on the parts 
bb,, b,b,....; P,P, acting through the 
centres of gravity of the parts considered. 
The horizontal force Q combined with the 


reaction R, at the joint a,b, holds the part 
abb,a, in equilibrium and similarly for the 
reactions on other joints. 

At the points where the direction of Q 
cuts P,, P,, combine those forces with Q, 
the resultant of Q and P, cuts joints a,6, 
at A,, which is therefore the centre of pres- 
sure on that joint. As the weight abba, 
with its load equals P, and is the weight on 
joints a, b,, the resultant of P, and Q will 
give the force acting on a,, in direction, 
position and magnitude ; its direction cuts 
a,b, at A, which is therefore the centre of 
pressure on that joint. 

In the same way the resultants and cen- 
tres of pressure on all the joints may be de- 
termined. A broken line connecting these 
centres of pressure on the various joints 
is called by Dr. Scheffler the line of pres- 
sures. For voussoirs indefinitely small it 
becomes a curved line. 

That granted, in order that the arch may 
remain in equilibrium, it is necessary : 

1. That the points ofintersection C’, A,, Ag, 

fall in the interior of the respective joints 
ab, a,b, a,b,. If for any joint this is not 
so, ¢.g., if the point A, was above b,, the 
mass abb, a, would then turn around the 
edge 5,, as an unresisted couple would be 
formed. To explain: suppose the resultant 
R, to pass outside of joint a, 6,; conceive 
two equal opposed forces, each equal to R, 
to act at edge b,; this does not disturb 
the equilibrium; then R, the force acting 
through A, (which is outside the joint) 
with its equal but not directly opposed 
force at %,, would form the unresisted 
couple in question which causes overturn- 
ing. 
2. That the directions c,A,, ¢,A, of the 
pressures upon the joints do not make 
angles, with the normals to the respective 
joints which exceed the angle of friction. 
If it was not so, sliding at the joints in 
question would occur of the mass above or 
below. 

However, the friction of the materials 
usually employed in construction is suffi- 
ciently great to not give cause for fear 
as regards sliding, generally. 

It is very easy to alter the direction of 
the joints shou:d sliding be app:ehended, 
hence it will not be considered further. 

It is to be remarked that the foregoing 
theory does not require horizontal resis- 
tance in the spandrel, which is not generally 
built with the same care that is taken in the 
construction of the arch stones, and henee 
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cannot generally be regarded as unyield- 
ing; hence when a line of pressures such 
as CA, A, passes, somewhere, out of the 
arch ring, @ serious derangement of the 
arch may occur, even though the spandrel 
may prevent its falling: hence it appears 
to be a poor construction, to build such an 
arch, in preference to an arch in which 
the resultant pressures on the joints every- 
where keep within the limits of the arch 
ring. This will be adverted to again. 

4. It is necessary to demonstrate a few 
propositions, to locate the true line of pres- 
sures, corresponding to the minimum of 
the horizontal thrust. 

The voussoirs will be considered indefi- 
nitely small ; hence the line, drawn through 
the centres of pressure at each joint, will be 
a curved line, which is probably what it is 
in real arches, with voussoirs of any size. 
As before remarked, Dr. Scheffler calls this 
line, the line of pressures. 

None of the joints will be supposed to 
make angles to the left of the vertical, 
looking upwards, greater than 90° 

*(See Fig. 4.) If we vary at will the 
greatness and point of application of the 
horizontal force Q at the crown, we obtain 
curves which mutually cut each other. 
But two such curves, which cut each other 
in any point whatsoever, D, will cut each 
other only at points situated upon the same 
horizontal as D ; otherwise they will not 
meet again in any point above or below this 
horizontal. 

To demonstrate these propositions, let P, 
be the weight which corresponds to the 
joint that the curve of pressures traverses 
at the point D. Letp, = distance of the 
point D from the vertical through the cen- 
tre of gravity of the weight P,. 

The moment of P, in relation to D is 
thus Pp,. If Q is the horizontal pressure 
at C and z the depth of the point D below 
the horizontal through the point ©, zQ is 
the moment of Q as to D ; D being a point 
of the curve of pressures. 

We have the characteristic relation, 
zQ=Pp,. Let F be another point of the 
same curve at the same height as D. Let 
P;, p2, be the weight and lever arm, corres- 
pony to the point F: zQ=—P,p, whence 

1Piz=P ops. 

If now a new curve of pressures is sup- 
posed to pass through D; z,Q,—P,p, and 
consequently z,Q,—P.p,; hence it passes 
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through F and cuts the first curve on the 
same horizontal as D,. 
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Next let there be I, a point of the first 
curve which is not at the same height as 
the point D; P, the weight on the joint 
which passes through 1; p, the distance 
from I to the vertical through the centre of 
gravity of this weight and A, the difference 
of level between I and D. We have for 
all curves, which pass through these two 
points. 

2Q—p,P, and (h-+ 2) Q=p,P, 
whence 

Q — 22s — PP, Pi Ph 

oT h P3P3—piP, 
aceording to which, while A has a finite 
value, Q and z have necessarily fixed 
values, which can correspond but to a sin- 
gle curve of pressures. 

Hence two different curves can never 
cut each other in two points situated at 
different heights. It may be remarked 
that isolated weights may produce curves 
of pressure like either of those drawn in 
Fig. 4, though such curves are but rarely 
met with in practice. 

The meeting of two curves at 0’, E,G,— 
with a horizontal tangent is a contact and 
not an intersection ; as we can consider the 
contact of the two curves as the coincidence 
of two points indefinitely near on the same 
level. For points, such as D, which have 
no horizontal tangent, the meeting is an in- 
tersection and not a contact from the same 
consideration. 

In fact suppose for an instant that the 
dotted curve has contact only. with the first 
at E. Suppose now the value of Q, to 
diminish from a change in the point of ap- 


and z = 





plication of the thrust at the abutment. 
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From a consideration of Fig. 3 we see that 
the curve will move down the joint, to the 
right of E, and hence must cut the first to 
the right of E and above it. Its other in- 
tersections, it has just been shown are at 
F, N - - at the same level as D, the first 
point of crossing. 

These important propositions being estab- 
lished, the problem before us is the follow- 
ing: Among all the curves of pressure, 
possible, which lie in the arch ring, find 
that for which the thrust Q is a minimum, 
and which by the principle of the least re- 
sistance is the only true one. . 

5. (See Fig. 5.) Proposition :— When the 
point F, of contact with the extrados, is 
higher than the point of contact E, with 
the intrados, of a curve of pressures ; it 
corresponds to the minimum of the thrust, 
whether the point E, precedes or follows the 
point F, going along the curve from the 
crown to the abutment. 

Fig. 5 represents the last mentioned 
case, which is the most usual; the other, 
being very rarely found in practice, will 
not be demonstrated. The case represent- 
ed by Fig. 5 is demonstrated as follows: 

1. If preserving the point of application 
K, we augment or diminish the thrust Q, 
the curve will either go outside of the ex- 
trados at F or the intrados at E, and hence 


Fig. 5. 











will be impossible. This is easily seen 
from the construction of Fig. 3, where a 
greater horizontal thrust moves the points 
A, A,-- nearer the extrados, a less 
thrust toward the intrados. 

2. If preserving the force Q, we raise its 
points of application towards D, we obtain 
a new curve, which is entirely above the 
first, which cuts then the extrados about 
tbe point F: it is then impossible. This 
may also readily be seen by a considera- 
tion of Fig. 3. If now we augment Q, the 
curve will be raised still higher near F and, 
of course, will go out of the arch ring and 
thus be less possible. 

3. If, however, with the point of applica- 
tion still above K, at K’ for example, we 
diminish Q so that the part of the curve 
near F may become tangent to the extra- 
dos, it is necessary that this new curve cuts 
the first KF EI somewhere between F 
and K. By Art. 4, as Fis below K, this 
intersection may take place in a single 
point (lower dotted line), or according to 
the particular form of the curve in an odd 
number of points on the same horizontal 
(upper dotted line); so that, in all cases the 
new curve will be to the right of the first 
curve between F and the nearest point of 
intersection, but as below this last point 
the curve cannot meet again the first, it 
will remain constantly to the right of it; 
hence it will cut the intrados near E. It 
is then impossible. There cannot exist 
then a curve, under the assumed conditions, 
meeting the crown joint in a point higher 
than K. 

4. If now we lower the point K without 
chang‘ng Q, the curve will cut the intra- 
dos above E, as it must remain below and 
to the right of the first curve; and for 
a stronger reason if Q is diminished. But 
if we increase the value of Q, in this new 
point of application below K, sufficiently, 
the curve may remain entirely in the inte- 
rior of the arch, and generally an indefinite 
number of curves of pressure can be drawn 
in the arch. From what precedes, it fol- 
lows that the curve K F EI, corresponds to 
the minimum of Q, since for the point K 
there is only one curve, for a point above K, 
there cannot exist a curve, and for a lower 
point, there are only curves corresponding 
to greater values of Q. 

It will frequently happen that F coin- 
cides with D, and E with A ; in which cases 
the meeting of the curves with the ext-a- 
dos or the intrados is not necessarily a con- 
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tact. The preceding demonstrations never- 
theless hold. 

6. When the point of contact F with the 
extredos is lower than the point E of the 
intrados, the curve of pressures corresponds 
to the maximum of the thrust Q. 

It would be foreign to the purpose of 
this article to demonstrate this; (which is 
however easily done in the manner just 
shown ; and in the same way the other case 
of the minimum is easily demonstrated) or 
to give all the cases where :upture occurs, 
which Dr. Scheffler has so fully illustrated. 

Suffice it to say that the whole theory of 
curves of pressure is solved by him as 
simply as artistically. As he remarks: * 
“An exact knowledge of the actions that 
are produced in an arch can alone give to 
the corstructor the proper confidence to 
design the form of an arch, the thickness 
of the arch, the joints, and the abutments 
in such a manner as to assure the stability 
of all the parts; and this is especially true 
of a new work, where experience and 
analogy do not furnish the needed infor- 
mation.” . 

Numerous experiments will be given in 
the sequel, which will be found to agree 
with this theory, and to establish it prac- 
tically, taking into consideration the com- 
pressibility of the materials used. 

7. Before going further, it would be as 
well, perhaps, to make some remarks 
about the effects produced by the compres- 
sibility of the voussoirs and mortar. As 
the law of that compressibility is unknown, 
we can not tell exactly how far from the 
edges of the joints is the nearest approach 
of the curve of pressures in an arch. It 
may be kept in view though that the re- 
sultant pressure on any joint, can be ex- 
actly at the edge of the joint only for in- 
compressible voussoirs that can receivé a 
finite effort upon a mathematical line. 
For actual bodies, this finite force must be 
distributed over a finite surface. 

Let the molecular reactions, which make 
up the resultant on each joint, be supposed 
parallel in direction. (Conceive a plane 
passing through the resultant R (Fig. 6) 
on any joint, paral!el to, the intrados at the 
joint in question. 

Call an elementary resisting force on one 
side of this plane 7, and its lever arm in re- 
lation to that plane/. Likewise call 7” and 
T an elementary force, and its lever arm on 
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the other side of this plane; then we must 
always have 
2feszfl 
Fie. 6. It is evident 
that if at any 
joint the result- 
ant passes near 
an edge b, that 
s= fis much 
greater than = 
J;' as the last 
forces act with 
greater lever 
arms; hence in 
any actual arch 
the resultant 
falls back a cer- 
tain distance 
from the edge 
necessarily on 
account of the greater compression produced 
at that edge; and this is moreover neces- 
sary to prevent crushing, as our materials 
are not infinitely strong. 

For example, in the head of the bridge 
of Neuilly, the horizontal thrust at the 
crown on a slice 1ft. in thickness is about 
109 tons, supposing the line of pressures to 
pass through the upper edge of crown joint. 
In reality it is at a certain distance from 
this edge, which if we knew as well as = f 
between that distance and the edge, we 
could form a better idea as to whether the 
surface included was able to bear the 
thrust. Thus suppose in this case that 
= f=? 109=—82 tons and on such a small 
surface as we shall find that it is uniformly 
distributed. If the crushing force of the 
stone is taken at five tons per sq. in, this 
would require a bearing surface of 82 —5 
==16 sq. in.; i.e. the resultant could pass 
within 1.33 inches of the edge without caus- 
ing rupture. Mortar has a much less crush- 
ing weight than good granite in blocks, but 
for a mortar joint only say } inch thick, its 
crushing weight must approach that of 
some building stones, and probably the re- 
sultant could pass within 6 inches of the 
edge in this bridge without causing rupture. 
There are reported many cracks in the head 
of this bridge. It is very probable though 
that the resultant retreats farther in the 
arch ring, for swift rolling loads could then 
too readily crush the edges, as the molecu- 
lar resistances take time to act and assume 
their final magnitude, the curve of pressure 
changing with every rolling load. Again, 
take the viaduct Fig. 9, which is 50ft. span 
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and 10ft. rise ; the horizontal thrust on 1ft of 
thickness is 20 tons, which can be borne on 
a surface of 4 sq. in. by granite, the mortar 
requiring the line of pressures to retreat a 
few inches from the edge. The depth of 
the voussoirs at the crown in this bridge is 
2.5ft.; for the bridge of Neuilly 5.3 feet; 
we thus see that the resultant may pass, 
proportionally to the depth of the voussoirs, 
very near the edge without causing crush- 
ing, and as on most bridges there is no 
crushing at the edges, we infer that this 
resultant must pass a certain distance from 
the edge in every instance. 

The mortar may, besides giving a more 
intimate, and consequently a greater bear- 
ing surface, cause the line of pressures to 
retreat within the arch ring, thus distribut- 
ing the thrust a little more uniformly over 
the joint. Suppose the centre of an arch 
struck as soon as it is turned, while the 
mortar is still fresh at the crown; for the 
usual forms of bridge arches, the mortar 
will be compressed, and in fact squeezed 
partially out at the upper edges of the joints 
near the crown, and this will be the more 
marked the thicker the joints. 

However, as the mortar hardens during 
the building of the spandrels, the line of 
pressure will afterwards approach the top 
of the crown joint as the arch is weighted 
down, any sinking of the crown being at- 
tended with a more intimate contact at the 
upper bearing surfaces at the crown. This 
becomes still more evident when we sup- 
pose a rolling load on the crown of an arch 
whose mortar joints have completely set, 
and likewise consider that the abutments 
yield slightly. 

Shaving off the upper parts of the joints 
near the crown would tend to counteract 
this. 

Dr. Scheffler thinks that, for good stone, 
if we can draw a line of pressures, within 
the arch, that nowhere approaches nearer 
the edges than 4 depth of joint, that the 
stability of the arch is assured. 

Dr. W. J. M. Rankine gives 4 depth of 
joint as the nearest approach to the contour 
curves. 

The experiments that will be given show 
very plainly that the total thrust on a joint, 
together with its special compressibility, 
alone locates the true curve of pressures, so 
that it will depend principally upon the di- 
mensions of the arch and surcharge; for a 
small arch being very near the edges at the 
jeiats of rupture, for a larger arch with a 





greater thrust, at a greater distance from 
these edges. 

It is a fact, in some existing arches, that 
the voussoirs at certain points are pressed 
together near their edges, the joints slightly 
opening on the other side. 

At any rate wherever the engineer locates 
these circumscribing, limiting curves, to the 
curve of pressures, the latter must always 
conform to the minimum of the thrust in 
the limits chosen. 

If no curve of pressure can be drawn in 
the limits, the depth of the voussoirs must be 
increased on part or the whole of the arch ; 
or the profile may be altered; or finally 
we may combine both of these methods 
to secure stability. 

8. Let us consider as in Art. 2 a slice of 
the arch 1 unit thick. In Fig. 7, let Q= 
the horizontal thrust (compare Fig. 3 
throughout) ; q, its vertical distance below 
the apex C; P=weight of an arch and load 
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A 
CO A on joint at A; a—horizontal distance 
from A, the centre of pressure on the joint, 
to the vertical passing through the centre 
of gravity, P ; h=vertical distance between 
C and A; b=vertical distance between M, 
the point of application of Q at the crown, 
and A. 

If we consider another point A’ of the 
curve of pressures, at a vertical distance 
above A=e, we shall have an analogous 
notation P,, a, 0). 

If we know the points M and A, we have 


aP=bQ «.Q=* 
If we know any two points as A, A’, 
aP=bQ=(0' +e) Q;alsod P’ = Jb'Q’ 


hence = 
€ 
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Having obtained from eq. (1) or eqs. (2) 
and (3), Q and its point of application at 
the crown, we find where the resultant pres- 
sures cut each joint as in Art 3, and if these 
points are within the proper limits of 
the arch ring and satisfy the minimum of 
the thrust, the curve is the true one. From 
eq. (1) it is evident that Q is smaller as } 
is greater or a@ smaller; hence the true 
curve will pass as near C,and the lowest 
point of the joint at A as the compressibili- 
ty of the material will admit of. 

If the first curve drawn, passes outside of 
the prescribed limits in one or more places; 
take points on the limiting curves opposite 
the points of maximum departure, and by 
eqs. (2) and (3), pass a curve thruugh two 
of these points. 

If the arch is stable at all, it will almost 
invariably be found in practice, that the 
last curve so drawn will fulfill the required 
conditions of remaining in the prescribed 
limits and corresponding to the mini- 
mum of the thrust. If not a third approx- 
imation may be tried, and so on. 

In all the numerous and varied examples 
that Dr. Scheffler works out, he never re- 
sorts to a third trial; and in practice, after 
becoming familiar with the leading cases, 
the first trial is generally sufficient, when 
the limiting curves are assumed, as the 
writer can testify to from experience. Thus 
this theory does not demand an unlimited 
number of gropings as Poucelit asserts,* so 
as to render the method nearly illusory in 
practice. 

Let us now proceed to show how to 
find the centres of gravity of the weights 
abb,a,, abb,a,, (Fig. 3), as also the magni- 
tudes of those weights. If the arch is 
loaded with any weights, reduce them to 
the same specific gravity as that of the 
masonry of the bridge supposed homoge- 
neous, as follows: Lay down these weights 
in their exact positions on the arch and 
alter the vertical dimensions to conform 
to the specific gravity of the stone. We 
shall thus substitute blocks of stones, by 
scale, for the surcharge of earth, water, 
ete., or the rolling load. 

By this means we have the solid con- 
tents of abb,a,, etc., proportionate to the 
weights P,, P, - - - and hence can be ta- 
ken for them. 

We now divide the horizontal through 
A (Fig 8) into an appropriate number of 
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parts and through these points of divis- 
ion, draw verticals from the intrados to 
the curve DE that limits above the load. 

Regard each trapezoid DGG’'D’ as a 
rectangle, and calculate its surface by 
multiplying its horizontal width AA’by the 
mean vertical dy. Next regarding the 
centre of gravity of each trapezoid as that 
of the corresponding rectangle, we shall 
find the centre of gravity of the trapezoid 
DD’G’'G, for example, to be upon the 
mean vertical dg. which equally divides 
the horizontal AA’. Draw through C, the 
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joint CH; the weight DD’G’G will be 
considered as resting on the joint CH; 
which is in excess by the small triangle 
CG'H, an error too small to be regarded 
in flat arches. 
There is, however, given by Dr. Scheff- 
ler, a very simple construction for a closer 
approximation to the truth. Further on 
will be indicated another method, which 
gives all desirable accuracy for any form 
ofarch. In fact, considering that in prac- 
tice arches are neither homogeneous nor 
symmetrical, perfect accuracy is not ne- 
cessary, as there should be a margin left 
to allow for these variations always. In 
the case of the experiments with the wood- 
en voussoirs, the writer has used a meth- 
od which leaves nothing to be desired on 
the score of simplicity and accuracy. 



































*Schefiler, p. 222, 


Now if we multiply the surface of each 
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trapezoid by the horizontal distance of its 
centre of gravity from A; the sum of these 
moments divided by the sum of the trape- 
zoid surfaces (which are also the volumes), 
will give the horizontal distance from A 
to the centre of gravity of the whole part 
considered. This method will thus give us 
the weights P, P, - - - (Fig. 3), as well as 
the horizontal distance of their centres of 
gravity from the crown. 

First Example.—Let us illustrate by an 
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example of a railroad bridge (Fig. 9) of. 
50 ft. span and 10 ft. rise, the arch being 
a segment cf a circle; voussoirs 2.5 deep; 
the spandrel walls rising 2.83 ft. above the 
summit of the arch ring. The arch is 7 
ft. thick, but we shall consider but a ver- 
tical slice of it 1 ft. thick. 

In the following table, the first column 
gives the number of the joint from the 
crown ; the second (w) the width of the 
horizontal divisions AA’, A’A"’- - of Fig. 8; 
the third (v) the corresponding mean 
_ heights dg - - -; the fourth (s), the prod- 
uct of these dimensions, giving thus the 
surface of each trapezoid. Column (c) 
gives the distances of the centre of grav- 
ity of each trapezoid from the crown; 
column (m) the product of (s) and (c). 
Now we cumulate, giving from the crown 





in the next two columns these surfaces 
and products (s-++c); column (S) being 
formed by adding the surface of each 
trapezoid to the total surface, just found, 
which precedes it. The last quantity in 
column (3) should sum of column (s). 

In the same way, column (M) contains 
the continued sum of column (m), and 
hence its last number should equal the 
sum of column (m). Dividing now the 
numbers in column (M) by the corres- 
ponding ones in column (8) we get, col- 
umn (c), the horizontal distances of the 
centre of gravity of each weight P,, P, — 
— corresponding to joists 1,2 - - - from 
the crown. 


























Taste 1. 

w vj 8 ec m | 8 M Cc 
1|/5 | 54/27. | 25| 67.50) 27, | 67.50] 25 
2|5 | 6.1) 30.5) 7.5) 228.75| 57:5] 296.25}. 5.1 
8/5 | 7.6| 88% | 125) 47%. | 95.5) 771.25] 81 
4|5 | 98) 49. | 17-5) 857.50 | 144.5 | 1628.75 | 11.3 
5 |5 | 13.2) 66. | 22.5) 1485. | 210.5 | 3113.75 | 14.7 
6 | 1.75 | 14.5) 25.4] 25.9| 657.86 | 235.9 | 371.61 | 16. 
eal tana oes) Scent sed) Pe prov eae 

| 235.9 3771.61 
The preceding table shows that the 


surface (or content, for a slice 1 ft. thick) 
of the half arch with its load equals 235.9 
sq. ft.; its moment as to the crown is 
3771.61 and the distance of its centre of 
gravity from the joint at the crown is 16 
ft. Hence (see Fig. 7,) we have to pass a 
curve of pressures, through the crown 
joint, 4 of its depth from the summit of 
the arch and through joint 6 at } of its 
depth above its lowest point, if we decide 
on account of shocks due to passing loads, 
imperfection of workmanship, etc., to re- 
quire that the curve of pressures shall not 
pass outside of the middle third of the 
arch ring. By measurement on the draw- 
ing (Fig. 9) we find a—25.6—16—9.6, 6 
=11.2. We have also P=235.9 cubic feet 


of stone ; hence by formula (1) 
aP 235.9 x 9.6 


b i 

which may be reduced to tons, when de- 
sired, by multiplying by the weight in 
tons of a cubic foot of stone. 

If now at the points of intersection of 
the horizontal through the point of appli- 
cation of Q at the crown, with the verti- 
cals passing through the centres of grav- 
ity of the surfaces given in column (S), (P, 
P,- - - of Fig. 3), the points of intersec- 
tion, of the resultants of Q with these 
weights P,, P,....with the corresponding 
joints, will be points in the curve of pres- 








sures sought. 
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For example, to determine where the 
line of pressures cuts joint 4, lay off the 
distance in column (C), 11.3 horizontally 
from the crown, then on a vertical lay off 
upward from this point the correspond- 
ing weight on joint 4, given in column (5S) 
144.5; drawing a horizontal line, through 
the last point found—Q, we get the re- 
sultant by completing the triangle of 
forces. 

Producing this resultant to intersection 
with joint 4, will give the centre of pres- 
sure on that joint. It will be advisable, 
in practice, to prick off the centres of 
gravity, taken from column (C), at one 
operation and number each one with the 
number of the corresponding joint to 
avoid mistake. 

On continuing this construction for 
each joint, we shall find that the line of 
pressures remains within the inner third 
of the arch ring. 





It may be remarked that the small tri- 
angle mentioned is in excess only for the 
joint in question ; thus this error is not 
carried on. The ordinary method of 
constructing a line of pressures is to com- 
bine any resultant with the next weight 
following, regarded as concentrated at its 
centre of gravity. 

By this construction any small error in 
draughting is carried on, whereas, by Dr. 
Schefiler’s method, it is confined only to 
the joint where it occurs first. 

With accurate instruments and care, 
using a sufficiently large scale, this meth- 
od of Dr. Scheffler’s should answer all the 
requirements of accuracy, and will gener- 
ally be found the shortest in the end; 
whereas, with many joints, it is difficult to 
locate this curve precisely by the ordinary 
method. 

Second Example —(Fig. 10.) Suppose a 
load of two 40-ton engines, one on each 


5° 


Fig. 10. 


Scale to which arch is drawn,10 ft.—1 in, 


~ 


side of the crown, over divisions 2, 3, and 
4, i. ¢., 15 ft. along the rails. We shall 
suppose it to bear only on 6 ft. of the 
thickness of the viaduct. Calling the 
weight of a cubic foot of stone=.07 ton 
and Ah, the height of the block of stone 15 
ft. long by 6 ft. wide that is required to 
weigh as much as one engine; we have 
6X 15K ANT=40 ». A=—6.3. 
We now form the following table 
which refers to Fig. 10, which as the arch 
and load is symmetrical, represents, as 
before, only one-half the arch. 





Scale of loads , 200 cubic ft.=Lin, 














A line of pressures passing through the 
middle of the crown, the point on the 
springing joint, as before, will be found 
to be contained inside of the limiting 
curves, and is drawn as in Fig. 10, taking 
care to lay off the centres of gravity on 
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the prolongation of Q. We find in this 
case a=25.6 — 15=10.6, P=330 6=10.7. 


0. 
330 X 10.6 327 == 23 tons. 


= 207 po) 

If it is desired to draw the curve cor- 
responding to the minimum of the thrust 
in the limits chosen, we resort to equa- 
tions (2) and (3). As the nearest ap- 
proach of the last line of pressures drawn 
to the outside limiting curve, is at joint 2; 
pass a curve of pressures now through 
the point of intersection of that outside 
limiting curve with the second joint and 
the previous point at the springing joint. 

We find P= 330, a—10.6, e=9.8 and 
from table 2, column (S) P,=89; from 
column (c) and the drawing a,=9.8 - 6 

8 


From (2) 
Qa SP aa Ps __ 2498 - 938 


e Geant v8 
From (3) 
g=h -G = 11.93 — = 104 

Laying off this latter distance, from the 
summit of the arch ring, downwards, we 


draw the curve as before. It is every- 
where within the proper limits. It is not 





=322 


3498 


drawn in the figure as it passes very near 


the first curve. 

If we suppose an engine of 13.3 tons 
weight to rest on division 3 on both sides 
of the crown, along 5 ft. of the length of 
the rails, we shall find by forming a table 
and constructing the line of pressures as 
before, that it passes slightly below the 
upper Jimit at the crown, and is every- 
where contained in the middle third of 
the arch ring. 

A curve of pressures for a uniform load 
of 1.5 tons per foot along the whole length 
of the bridge, will be found to follow very 
= ed the curve drawn in the first exam- 
ple. 

One or two more suppositions of isola- 
ted weights, symmetrically placed, were 
made, but in all cases it was found that a 
curve of pressures could easily be drawn 
in the inner third of the arch ring. The 
thrust is too small to fear crushing, and 
the directions of the thrust are inclined to 
the normals of the arch joints at angles 
much smaller than the angles of friction, 
hence sliding is not to be feared. 

We conclude that thus far the arch has 
stability. 

9.—It occurred to the writer that if the 
actual line of pressure in an arch composed 





of incompressible voussoirs, touched the 
contour curves, as shown in Art. 5, that 
it should hold very nearly in the case of 
experiments with light wooden arches, 
whose weight is not sufficient to produce 
much compressibility. It will be seen 
that this law is beautifully illustrated by 
these simple experiments. 

The experiments by the writer were 
made with great care to endeavor to meet 
the requirements of an exact science. 

Mr. Wm. Bland has published in Weale’s 
series a book entitled, ‘“ Experimental Es- 
says on the Principles of Construction in 
Arches, Piers, Buttresses, etc.,” (1867), 
which contains experiments that we shall 
quote from. The preference will, how- 
ever, be given to the writer’s experiments, 
as we do not know what care Mr. Bland 
used in cutting out the voussoirs, in keep- 
ing the span invariable, piers vertical, and 
applying weights, etc. 

To avoid mistake, the following nomen- 
clature will be adopted: 

Depth of a voussoir is the dimension in 
the direction of the radius of the intrados 
1 to the axis of the arch. 

Thickness of an arch or pier is the di- 
mension || to the axis of the arch. 

Width of a pier is its horizontal dimen- 
sion j to the axis of the arch. 

Height is measured vertically. 

The dimensions will all be given in 
inches. 

A Gothic arch (Fig. 11) of 14 in. span, 
and 12.12 in. rise, was cut out of a pop- 
lar (tulip tree) plank, 3.65 in. thick, con- 
sisting of 8 voussoirs, each 3.65 thick, 2 
deep, and 4.08 along their centre line 
from middle to middle of joint ; each vous- 
soir weighing .52 lb. Quite a number of 
voussoirs were cut out of the same layers 
of fibres and those selected that weighed 
exactly the same; the voussoir to be tried 
being hung to one end of a delicate bal- 
ance beam, with a voussoir of the stand- 
ard weight at the other end. The two 
voussoirs at the crown not being cut out 
of the same layers of fibres as the others, 
were shaved off about the middle of the 
extrados (not touching the joints) so as 
to weigh exactly 1 voussoir of the stand- 
ard weight and their centres of gravity 
were found experimentally, and found to 
be at exactly similar points in both vous- 
soirs, so that the entire arch was symmet- 
rical as to the crown. 

The centres of gravity of the other 





300 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





voussoirs are taken on the arc of a circle | column 8, the elementary weights (4.1 vous- 
passing through the middle of the joints | soir being the weight on the summit th»t 


and for any voussoir equidistant from | 


the joints bounding that voussoir. For | 
voussoirs whose sides are little inclined, 
this is sufficiently near the truth, and by 
dividing the arch ring into a sufficient 
number of artificial voussoirs, the result | 
may be made as accurate as we please. | 
Still as no wood is homogeneous the re- | 
sults can only be regarded as approxi- 


goes to each abutment, the weight of each 
voussoir being taken as unity); column m 
gives the horizontal distance from the 
crown to the centre of gravity of each 
voussoir with iis load, if any, which, in 
this case, is also the moment in reference 
to the vertical through the crown of each 
voussoir. Columns §, M, and C have been 
before explained. 





mate as compared with the hypothetical ; c 
homogeneous arch ; still sufficiently near - 
to establish the laws heretofore demon- 
strated. 

When this arch was set up, the joints 
apparently fitted perfectly, and on placing 
a drawing-board by the side of the arch 
and tracing off its contour curves, if was 
found to be a perfect Gothic whose arcs, 
composing the contour curves were cor- 
rect ares of circles described from the 
springing points opposite. 

A number of rectangular wooden bricks 
of exactly 1 voussoir in weight, of various 
sizes, were also cut out, as well as half 
bricks, quarter bricks, etc., and some sol- 
id rectangular piers of various dimen- 
sions. 

A voussoir is taken as the unit of weight. 

In experiments where weights were 
placed upon the top of the arch, an as- 
sistant added brick after brick, carefully 
balancing the load at the top on either 
side by the fingers, until the arch reached 
its balancing point ; i. ¢., the point where | 
it stood with the weight, but fell with a 
slight jarring. i | summit) and 0.1 from the extrados edge 

The two bottom voussoirs were, when | of the joint at the springing. From the 
necessary, kept from sliding by two fas- | drawing and table we find a—6.3, b= 



























































4 
Try a line of pressures, passing 0.1 from 
the upper edge of crown joint (7. e. at the 


tening tacks being driven into the board | 
on which the arch rested, pressing against 
the arch .03 above the springing line, or 


14.27, from which equation (1) gives us 
_U 8.1X 63 3.57 
 —_ 





so little that it may be disregarded. The| The line of pressures drawn with this 
board was carefully levelled at every exper- | value of Q and passing through the points 
iment by a spirit level, and the span kept | indicated cuts joint 2 at 0.1 from its lower 
invariably at 14 in. edge. From joint 0 to joint 2 the line of 

There was little or no vibration in the pressures corresponds to the minimum 
room. | of the thrust ; from joint 2 to joint 4, to 

First Experiment.—With 8.2 voussoirs | the maximum, for if the point of applica- 
on the summit of the arch it stood, though tion at the crown is lowered to the point 
fell with 8.3 voussoirs on the summit; ro- | at joint 2, being moved from the edge, 
tating on joints 2 on intradosal edge and the same amount, the centre of pressure 
at the summit; the arch being forced out at joint 4 is moved to the left, outside its 
at the haunches and falling at the crown. | limiting position, which, as just seen, is 
(See Fig. 11.) in this arch 0.1 from the contour curves, 

The following table gives in its first col- | for in no other position of the line of pres- 
umn the number of joint from the crown; | sures than that first found, will it cut the 
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joints of rupture 0,2 and 4, at the same 
distance from the contour curves, which, 
as the material of the voussoirs is nearly 
homogeneous, it is reasonable to con- 
clude, should be the case. As there can 
be no greater nor less thrust, we conclude 
that the arch is on the limit of stability, 
as the experiment indicates. 

0.1 is 54, of the depth of joint. 

Sliding would have occurred on joint 4, 
as the resultant on that joint mace an an- 
gle of 24 deg. with the normal, but for the 
tacks before mentioned. 

The diagrams for this and all the fol- 
lowing experiments were drawn to a scale 
of one-third the natural size, except in the 
case of some of the pier experiments. 

Second Experiment.— With the two 
voussoirs at the crown in one solid piece, 
the arch could not give by rotation, as 
the lower edge of crown joint could not 
open. With a sufficient pressure on the 
crown, there was sliding along joints 4, 
the coefficient of friction being small for 
these wooden blocks. 

We evidently have here a sufficient rea- 
son for making the keystone in one solid 
piece. 

Third Experiment.—On placing a knife 
edge against a notch .03 deep, cut into 
the bottom voussoir, 0.4 above the spring- 
ing line, on each side, the arch balanced 
with 11.1 voussoirs on the summit. The 
line of pressures must now pass through 
the knife edges, and it will be found on 
constructing a diagram that it will pass 
about 0.1 from edges at joints 0 and 2, as 
before. 

Fourth Excperiment.-—(Fig. 12.) Thesame 
arch stood, being very nearly on the bal- 
ancing point, on solid piers 10. high, 1.9 
wide, and 3.65 thick, each pier weighing 
2.3 voussoirs, the intrados at the spring- 
ing being at the inner edge of pier. The 
piers were made vertical by a spirit level, 
and their tops were upon the same level, 
in every experiment given. 

In the following table the pier is includ- 
ed opposite joint 5 of the first column. 


M Cc 
170 | 
6.88 
13.17 
21.05 
39.33 
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To pass a curve of pressures 0.1 from 
the edges of joints 0 and 3, which will be 





found to correspond to the minimum of 
the thrust, we find from the above table 


and the drawing 


3X 2.2 
=" = .63 


from which the curve of pressures in Fig. 
12 is drawn, as before. This curve ap- 
Fic. 12. proaches the in- 
trados nearest at 
joint 3, cuts joint 
4 at .58 from the 
inner edge, and 
the base of the 
pier .2 from the 
outer edge or 
about +; the width 
of pier. 
Fifth Experiment. 
—With piers 40.47 
in. high, 3.65 wide, 
and 1.9 thick, 
weighing 10.1 
youssoirs each, 
with the intrados 
| of arch at spring- 
ing on a line with 
Ls. inner edge of pier, 
the same arch balanced. The pier was 
built of a solid block 22 in. high, and 5 
bricks placed on top, one above the other 
to make up the 40.47 in height. 

A line of pressures drawn .1 from sum- 
mit and .1 from intrados at joint 3, passes 
5 from outer edge of pier, or about } width 
of pier. 

It will be found on constructing the 
diagrams for Mr. Bland’s experiments, 
where the piers were built up of bricks, 
that in the case of low piers as in Figs. 
51, 52, 53, 54, 55, 45 (Hap. No. 5), and 46 
(Exp. 8), the line of pressures passes very 
near the outer edge of the base of the 
pier; but as the piers were increased in 
height, this line approaches more and 
more the centre of the base, being in the 
case of a pier 6 X 6 base and 72 in. high, 
nearer the centre of the base, than its out- 
er edge. 

It is probable that this is caused by the 
outer edge of every brick, when the line 
of pressures passes on that side of the 
centre, compressing a small quantity, as a 
great many irregular surfaces of contact 
must cause a greater compression than if 
the pier was solid. Again, the additional 
pressure on the lower bricks of a high 
pier is an evident cause for greater com- 
pression than with a low pier. A high 
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pier of many bricks appears to bend in 
consequence of that compression of its 
many edges. It may be inferred from 
these facts that the greater the thrust in 
an arch the farther the line of pressures 
retreats within an arch; which we shall 
find to be so in the sequel. 

Sixth Experiment.—The pier of Exp. 4 
(Fig. 12) was moved outward (from the 
axis of the arch) so that when its inner 
edge was .1 from the springing, it stood 
with no weight on the summit; when it was 
4 from edge, it stood with .5 vs., fell with 
6 v3.; .5 from edge, balanced with .75 .vs.; 
-6 from edge balanced with .75 vs.; .7 from 
edge balanced with .37 vs.; 1.0 from edge 
balanced with .12 vs. 

From which we infer that the centre of 
pressure at the springing joint is .5+5.1 (to 
allow for compression)==.65 from inner 
edge of joint for a weight of .75 vs. on the 
summit or apex of the arch. On construct- 
ing the table and diagram for this weight 
it will be found that theoretically the centre 
of pressure at the springing joint is 63 from 
the inner edge, which diff.ring only .02 
from the distance found by experiment 
must be regarded as a beautiful experi- 
mental illustration of the theory. 

Seventh Experiment.—-The same arch stood 
easily with .75 vs. on the summit, on solid 
piers, 22. high, 3.65 wide, and 19 thick 
each weighing 5.1 vs.; the arch fell with 
the addition of .12 vs. more. 

On constructing this figure it will be 
found that the line of pressures, assumed 
0.1 from edges of joints 0 and 3 as before, 
passes .63 from inner edge of springing 
joint (as was stated above) and cuts the 
base of pier .39 from its outer edge or 
about } the width of pier. 

Eighth Experiment.—-On moving this pier 
back as in the 6th Exp. : 

0.47 the arch balanced with 1.12 vs. 

0.53 “ec “ “ “ 1.25 “ 
59 “ “ 1.25 ‘cc 
63 “ ; ° 
a. * . ie 
1. “ “ “ 1.00 “ 

Taking .58 as the probable distance and 
adding .1, we get .68 as the probable dis- 
tance back from the springing to the cen- 
tre of pressure of joint 4. On constructing 
the line of pressures for a weight of 1.25 
at the apex, passing 0.1 from the edge of 
joints 0 and 3 as before, it will be found that 
the centre of pressure on joint 4 is .7 from 
the edge, which is again a most striking 





coincidence, as it differs but .02 from the 
joint found experimentally. These experi- 
ments were made with great care, keeping 
the span exact!y 14 inches, piers vertical, 
ete., ete. 

Compare similar experiments by Mr. 
Bland (Figs. 56 and 57), where the same law 
is established approximately. 

It is evident from an inspection of the 
arches in churches (for examples see draw- 
ings in the latter part of Mr. Bland’s treat- 
ise) that constructors were well aware that 
a higher pier might be used when its inner 
edge was moved back a certain distance 
from the springing, which is equivalent to 
what we have es'ablished above. 

Ninth E rperiment.— With the pier used in 
Exp. 4, and the same arch, excepting that 
the two voussvirs at the crown were in one 
piece, the arch and pier just balanced as in 
Erp. 4. In fact, the arch and pier can eas- 
ily rotate on the third joint and the outer 
edge of pier. 

Tenth Experiment.—The same arch with 
piers 1.98 wide, 7.5 high and thickness of 
arch, each weighing 2 vs., stood easily when 
a cylindrical pin .03 in diameter was p'aced 
at the lower edge of crown joint. This 
joint bore at no other point, hence the line 
of pressures presses through the pin. As- 
suming it to pass .1 from the edge of joint 3, 
the construction will show that, it cuts the 
springing joint .6 from inner edge and the 
base of pier .15 from its outer edge. 

The experiments that we have just con- 
sidered, very clearly indicate the fallacy of 
that theory which supposes that if a line 
of pressures passes outside the inner third of 
the arch ring, that it must fall. On the 
contrary, in every case of stability of 
the arches previously given, it is impossible 
to draw a line of pressures everywhere con- 
tained within the inner third of the arch 
ring. In fact, if such were attempted it 
would be found in every case that such a 
line of pressures would pass outside the 
base of the piers, or of the arch if used 
alone. 

It is hardly probable, in most actual 
arches, that this line of pressures ever keeps 
within the inner third. 

Theoretically, for the voussoir arch, there 
is no foundation for such a theory, and we 
confess to astouishment when we read in 
Prof. Rankine’s “ Engineering,” Art. 280, 
“Tt is true that arches have siood, and still 
stand in which the centres of resistance of 
joints fall beyond the middle third of the 
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depth of the arch ring; but the stability of 
such arches is either now precarious, or 
must have been precarious while the mor- 
tar was fresh.” 

As we have just asserted, in our experi- 
ments “the centres of resistance of joints” 
invariably fall outside the middle third, for 
certain joints, and if an experiment were 
made with a 50ft. arch it is not probable 
that at the joints of rupture, the centres of 
resistance would be found as far back from 
the edge as 4 or even 4 the depth of joint. 

It may be well enough on account of the 
shocks to which bridges are subject to de- 
sign an arch in which a line of pressures 
may be drawn within the inner third, but 
it is by no means necessarily true that the 
line of pressures can never pass this limit 
without the s‘ability of the bridge being 
rendered precarious, though it would seem 
that this error has likewise been received 
in France (see “ Traité de la Stabilité,” ete., 
p- 220) by eminent mathematicians. 





This subject will be referred to again in 


Art. 10. In all the experiments with arches 
the same voussoirs were used in the same 
positions each experiment. 

Every experiment is given that was made, 
so that the reader may judge for himself 
how far the theory of Dr. Sheffler is estab- 
lished. No force diagram was drawn un- 
til after, and in some cases long after, the 
experiment was made; and no second trial 
was resorted to in any case. 

All other writers but Dr. Scheffler, so far 
as the writer knows, have left the true line of 
pressures, in many cases at least, perfectly 
indeterminate, and it is Dr. Scheffler who 
has raised that indetermination by means 
of the principle of the least resistance and 
given us a theory which is upheld by ex- 
periment. Some authors actually as- 
sume the line of pressures to pass through 
the middle of the joint at the crown and 
springing, 

It is evident how much more incorrect this 
is even than the fallacy of the “ midule third.” 

[To be Continued.] 





IRRIGATION WORKS IN THE BATTICALOA DISTRICT OF CEYLON. 


By Caprain W. PHILLPOTTS, R.E. 


From the Papers of the Royal Engineers. 


To assist in developing the resources 
of a semi-civilized country is one of the 
most interesting of the very varied duties 
we can be called on to perform in our dis- 
tant colonial possessions. The means of| 
doing so varies with the nature of the 
country ; but in the tropics, I know of 
none which goes more directly to this 
object than giving to a capricious and 
fittul stream a certain supply of water, 
and thereby rendering the land through 
which it flows capable of profitable culti- 
vation. This is particularly the case in 
the East, where rice is the staple produc- 
tion, for there is no other species of culti- 
vation which requires such a regular and 
constant supply of water to bring it to 
perfection. 

The necessity of irrigation works in the 
East has long been recognized as para- 
mount. No matter what the vices of 
ancient governments have been, they 
must at least have the credit of having 
constructed some of the most gigantic 
and successful hydraulic works in the 
world. We read of these as occurring in 
many parts of India, and from personal 





observation I can testify to the magni- 


tude, durability, and skill evinced in sim- 
ilar constructions by the ancient inhabi- 
tants of Ceylon; and I much doubt if any 
other countries of similar size present 
specimens of finer engineering works 
than are there shown by the dams, canals, 
and tanks, or, as they would be more 
appropriately termed, lakes, with which 
it abounds. These ancient works are, 
however, mostly partially in ruins, after 
centuries of neglect and decay, but even 
in their present state they testify to the 
extraordinary boldness of conception 
which initiated them, as well as to the 
enterprising skill displayed in their ex- 
ecution. 

It would require a history of Ceylon to 
trace the causes of their destruction, 
suffice it to say, that constant wars and 
bad government so reduced the popula- 
tion, that cultivation was partially aban- 
doned, then disease followed, and carried 
off its thousands; whole districts were 
deserted by their inhabitants ; the works 
themselves fell out of repair ; nature, left 
to itself, rapidly changed fertile fields to 
jungles infested with wild beasts, so that 
now the finest hunting grounds which the 

















804 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 








sportsman visits are in the midst of the 
most interesting remains of the former 
grandeur of the country. 

The Batticaloa District, which is on the 
eastern side of the island, is particularly 
adapted for the growth of rice, so much 
so that it has long been called the granary 
of Ceylon. Up to the date of Sir Henry 
Ward’s government, 1856, no permanent 
works had, however, been undertaken for 
its irrigation. Here were no vast ruins 
asin other places, which was to be ac- 
counted for by its remoteness from the 
ancient seat of government, and its com- 
parative natural facilities for rice cultiva- 
tion. It was, however, acknowledged 
that certain works, comparatively small, 
would be of immense service to the dis- 
trict ; and the governor, having convinced 
himself of the necessity of these by per- 
sonal inspection, in company with Major 
Gossett, the surveyor-general, at once 
authorized their execution. I do not for 
a moment mean to say that these works 
bear any comparison with those executed 
under the ancient kings of Ceylon, but 
they were the most extensive, and the 
only systematic ones, which our govern- 
ment had undertaken, so that I must con- 
fess to have been gratified to find myself 
placed in charge of them, and I venture 
to hope that a description of them will 
not be uninteresting. 

Our predecessors in the rule of Ceylon 
—the Dutch—with their usual sagacity 
and skill where any hydraulic works were 
necessary, had devoted the most unceas- 
ing care to the irrigation of this district, 
the fruits of which were shown by the 
quantities of grain it produced. Strange 
to say, however, their works were not of 
a permanent character, and their dams 
were merely mounds of earth, without 
any masonry. This can only be account- 
ed for by the absence of skilled artificers, 
and the abundant population of common 
field laborers ; the former could ouly have 
been imported at great cost, while the 
latter were always available, and could be 
employed without any expense whatever. 
This was owing to the system of Rajah- 
karia, or forced labor, which gave the 
chief officer of the district power to call 
out as many men ashe wanted to repair 
or construct any works necessary for irri- 
gation. These men got no pay, each 


landowner having to supply them accord- 
ing to the quantity of land he possessed, 





and as the works were entirely for their 
benefit, they were glad enough to have 
the labor combined for the common 
weal. The system followed was this, after 
the great periodical rains and floods, the 
dams of the tanks were repaired, and as 
much water stored in them as circum- 
stances permitted. In the dry season 
the dams were cut, and the water allowed 
to run off to the river, which conveyed it 
to the fields. The next floods, while they 
refilled the tanks, breached the dams, 
which had again to be repaired, and thus 
it went on from year to year. It is super- 
fluous to point out the inconveniences of 
such a system as this, the waste of labor 
must have been enormous, and it was never 
possible to keep the tanks full, on account 
of the difficulty of repairing the dams be- 
fore a quantity of water had run out, added 
to which, the floods were.so uncertain that 
the repairs had to be made two or three 
times for one crop. 

The English, on succeeding the Dutch, 
pursued much the same system until the 
abolition of forced labor in 1836; this 
put it out of the power of government to 
work men without pay. The legislature 
would not incur the heavy annual outlay 
which the alteration of the law called 
forth, and no steps being taken to collect 
the necessary labor, the tanks became 
useless, the supply of water most uncer- 
tain, and in bad seasons the cultivators 
were reduced to the greatest privations. 
Although when Sir H. Ward visited the 
district in 1857, the tanks had long 
ceased to be of any use, yet most distinct 
traces of their existence remained; these 
in a few years had become covered with 
jungle, and formed the abvdes of the var- 
ious wild animals with which this part of 
Ceylon abounds. But even had the works 
been utterly obliterated, those were living 
who had seen them in action, had pre- 
served a grateful recollection of their 
effects, and had long cherished the hope 
of their restoration, now speedily to be re- 
alized. The scheme, therefore, which the 
government had to decide on was emi- 
nently a safe one, inasmuch as the good 
effects of the Dutch works were univer- 
sally acknowledged ; that it would prove 
a remunerative one was also probable, for 
by extending the works a large amount 
of crown land would become capable of 
cultivation, and be eagerly purchased by 





\the natives, while by increasing the capa- 
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bilities of existing fields, the value of the 
tithe due as a tax to government would 
also be enhanced. 

The lands to be irrigated were all de- 
pendent on one river, the Pattepola Aar, 
for water; this river takes its rise in the 
south-east portion of the interior table 
land of Ceylon, and like all other rivers 
there, has a very precipitous course until 
it reaches the low flat country along the 
sea coast, which it does about 40 miles 
from its mouth. Here the banks become 
low, and the course tortuous, but its gen- 
eral direction is north-west, until it ex- 
pands into a largelake running north and 
south, at the north end of which it joins 
the sea. ‘The land on its banks is rich 
alluvial soil, the very best for the growth 
of rice, and the deposits left by the floods 
have the most fertilizing effect. Before 
entering the lake just alluded to, it forms 
a delta, intersected by numerous water- 
courses, all supplied by the same river. 
The river has the peculiarity which is, I 
believe, common to all the deltaic rivers, 
its proper bed is elevated above the sur- 
rounding country, so that its course 
may be said to extend along a ridge; 
this is caused by the constant deposits 
left by the floods year after year, and it 
shows itself at once by the inclination 
which the stream has to burst away from 
its channels. This peculiarity has its ad- 
vantages, as it greatly facilitates bringing 
water to the land, for it is obvious that as 
long as water could be kept in the main 
channel, it can always be drawn off to 
land below that level. The object of the 
works was, therefore, to give the means 
of sending a supply of water into the 
river whenever it ran dry, and confining 
it to the main channel. 

Daring the rainy season, from Novem- 
ber to February, the river was generally 
full; and it was also during this season 
liable to the most violent and sudden 
floods, which inundated the country for 
miles. In March and April the supply of 
water became uncertain; in May the 
river generally ran dry, and remained so, 
with the exception of an occasional fresh 
until November. A small, but certain, 
supply of water during these dry months 
was all that was necessary to make the 
land the finest rice country in Ceylon. 
To meet this supply it was determined to 
restore two of the largest old reservoirs 
which the Datch had used, called the 
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Tanks of Erecamam, and Ambarree. It 
was thought at the time that if these two 
sites were made the most of by efficient 
permanent works, that sufficient water 
would be secured, and subsequent exper- 
ience proved this correct. 

I shall now proceed to a description of 
these tanks, premising that the word 
‘*Tank,” as used in the East, means a 
large reservoir some hundreds of acres in 
extent. The usual way to form a reser- 
voir, is to build a dam across a valley, 
and thus intercept the water flowing from 
the surrounding hills, a stream generally 
being taken advantage of to secure a con- 
stant supply. The height of the dam is 
determined by the quantity of water re- 
quired, care being taken to provide spill- 
waters to prevent the water rising above 
its proper level, and thus breaching the 
bund. 

Erecamam Villoo, as it was called, was 
an exception to this rule, being peculiarly 
situated; it was not a valley, nor did any 
river flow through it. It wasa large hol- 
low plain or basin, 1,000 acres in extent, 
on the river’s bank. Low, undulating 
wooded hills surrounded the plain on all 
sides, with the exception of about three- 
fourths of a mile, where it had the river 
for its boundary. When the river rose 
over its banks, it filled the plain, which 
again became dry on the flood subsiding ; 
it was, therefore, necessary to adopt some 
means which would iet the flood in, and 
when in to keep it there until required. 
In the course of time the river had worn 
a narrow channel into the plain, and 
through this a large quantity of water 
found its way, still more, however, ran 
aver the low flat land adjcining the 
river. It will be remembered that the 
Dutch had used this tank, and when I 
first visited it the line of their bund was 
clearly seen. It was breached in numer- 
ous places, and was merely a successicn 
of isolated mounds of earth cove:ed wih 
trees. A new bund was built along the 
line of the old one, and its height was 
fixed at 24 feet above the river’s bed. 
The level of the tank was fixed at 9 feet 
below the crest of the dam, which being 
level terminated at either end, when the 
line of the crest came to within 9 feet of 
the natural ground; these ends were pro- 
tected by circular retaining walls, and 
the ground beyond levelled for about 40 
yards, so as to allow the floods to flow 
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freely round the dam. They, in fact, be- 
came spill-waters over the natural ground. 
The floods usually rose two or three feet 
above this level, but as that was not al- 
ways to be relied on, the channel] before 
referred to as leading from the river to 
the tank was kept open, and provided 
with flood-gates to be closed as soon as 
the tank was full. The height of the dam 
varied from 9 to 24 feet, and its length 
was half-a-mile, its slopes were 2 to 1 on 
each side, and its width at top 6 feet. It 
was compored of a stiff clayey soil, got 
close at hand, and carefully watered and 
rammed in horizontal layers one foot 
high; when finished the sides were planted 
with grass, which grew very rapidly and 
formed a capital protection for it. The 
excavation and carriage of the earth to 
form the dam cost from 3}d. to 4d. per 
yard cube. A sluice in brick masonry, 
with two water-ways 6’ 4' was built in 
the bund. This was provided with 
doors sliding in grooves so as to com- 
mand the supply of water. The channel 
communicating with the river varied from 
60 to 70 feet in width, and 8 to 12 feet 
deep. In designing the flood-gates for this 
channel, the object was to keep the water- 
way as wide as possible, and the scarci- 
ty of skilled labor necessitated their be- 
ing as simple as possible. I first thought 
of making them a series of doors bung on 
pivots above the centre of gravity, so as 
to be self-acting, but the quantity of logs 
brought down by the floods rendered this 
inexpedient. 1 theretore adopted the plan 
of making the gates to consist of single 
horizontal p'anks, supported at either end 
by apier of masonry, and intermediately 
supported by wooden posts so arranged as 
to make the plank a manageable weight for 
two men. ‘The total width of the gate was 
63 feet, and this was divided into 3 spans 
17 feet wide by two 6-feet brick piers. Each 
of the bays was divided into tliree by two 
upright posts strutted to the apron, and the 
planks rested against them, so that they 
were supported every five feet. The planks 
were fitted with iron hooks for raising and 
lowering them. The apron was kept on 
the same level throughout, which was six 
feet below the level of the tank; this was 
80 feet wide, and, of course, extended com- 
pletely across the channel; the junction 
with the banks being protected by retain- 
ing walls carried well into the firm soil, This 
was very important, inasmuch as the whole 





work would be completely inundated in 
floods, and have 3 or 4 feet of water over its 
top rushing into the tank at the rate of 6 or 
7 miles an hour. The apron consisted of 
three brick walls, 6 feet thick, and 6 feet 
apart, varying in height from 3 to 4 feet. 
Transverse walls 3 feet thick were built to 
connect them, and the intervenin,y spaces 
filled with well-rammed clay. ‘The founda- 
tion of this work was not difficult, inasmuch 
as decomposed gravite rock was found in 
the bed of the channel, of sufficient haril- 
ness to give a firm buse, and yet yielding 
to a well-pointed pick. In one part sound 
rock cropped out at an angle of 18°, this 
was prepared for receiving the first course 
of masonry by throwing : brick concrete. 
The apron was paved partly with brick on 
edge and partly with stone, the latter being 
used when the water fell over the dam. 
This work was about 400 yards from the 
end of the dam, and the intervening ground 
being flat, and rather above the level of the 
tank, was left as it was to admit of the 
floods flowing over it as freely as possible. 
At the other end of the dam was another 
channel, but much smaller, and on a higher 
level; a small work was built here on the 
same principle as the larger one, with the 
addition of raising the piers and abutments 
to support a bridge. Before deciding on 
these works, 1 had an opportunity ot ob- 
serving the river in flood, as I lived on the 
spot during a rainy season, before doing 
anything more than commencing the bund. 
A continuous residence there of 34 years 
confirmed the view I first formed. Kuow- 
ing the river so well was of the utmost ad- 
vantage to me, as the description of its state 
during the rains, which I had received 
from nat.ves, gave a very faint idea of the 
violence and extent of the floods to which 
it was subject. I was completely aston- 
ished on witnessing the first flood. For 
some four months before no rain had fallen, 
the river was dry, the wells dry, and 
all vegetation completely shrivelled up; 
for about a month even the dew, 
that beautiful sou:ce of moisture in 
a tropical climate, was wanting. The 
rain set in about the middle of Novem- 
ber, and in its first burst it was an 
inc.ssant down pour for seven days; about 
the fifth day the river began to rise above 
its banks, and in the next 36 hours it rose 
with marvellous rapidity, completely jinun- 
dating the country for miles around, and 
surrounding my camp, which I had pitched 
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on a flat hill, with water to within 6 feet 
of its summit; all communication was 
stopped except by canoes, but it was only 
possible to work these down the stream on 
account of the strength of the current. On 
the 8th day the rain ceased, and the river 
fell as rapidly as it rose, and in a few days 
the face of the country was completely 
changed. 

The foundations of the sluice and upper 
gates were also brought down to the rock, 
which at these places rose to near the sur- 
face. You will find drawings of all these 
works, showing their construction, in de- 
tail. 

AMBARREE VILLOO. 

I shall not go so minutely into this, its 
situation being similar to Erecamam. 
Everything connected with it was designed 
on the same principles, but on a smaller 
seale. You will find plans of all the works 
connected w:th it on the table. 

It was very interesting to watch the 
effects of the various works the first flood 
after their completion. The river rose 
with its usual violence, the waters rushed 
into the tank through the flood-gates, but 
before the tank filled these were completely 
flooded, and almost unapproachabie, the 
bund was surrounded witn water, which 
rushed into the tank round the retaiuing 
walls at either end. Soon after the flood 
was at its height, the water on either side 
of the dam seemed to be at rest for a few 
minutes, then it rushed out by the same 
way as it came in, until it had subsided to 
the level of the ground at either end, and 
the top of the flood-gaites; these were at 
once closed, the operation being performed 
easily by four men, notwithstanding the 
rush of water through them. The tank 
was now full, the water extending some 
distance into the jungle which bounded 
the plain of Erecamam, necessitated the 
abandonment of a village on one side of 
it. 

On one side of the plain of Ambarree 
was a very sacred small stone idol in the 
figure of a man ; it had been there for ages, 
and the natives used to come for miles to 
make offerings to it. During the progress 
of the works, and by questioning me on 
the subject, they found that the water line 
of the tank would just reach the god’s 
chin. Here was adilemma, either the god 
must be moved from the position he had 
occupied for centuries, or he must be im- 
mersed in water half the year. Recourse 





was had to the oracle of the temple, who 
decided that he was to remain in his watery 
position. 

The area of the plain of Erecamam was 
over 900 acres, but the surface covered with 
water was between 1,300 and 1,400 acres. 

In Ambarree the area ofthe plain was 
600 acres, and of water when the tank was 
full, between 800 and 900 acres. The cal- 
culated contents of the two tanks, when 
full, are nineteen million cubic yards of 
water in Erecamam, seven millions in Am- 
barree. 

A watercourse was cut from the slnice 
of each tank to the river, so that this quan- 
tity was under perfect command to supply 
the river when it ran dry, during the culti- 
vation season. 

I shall not attempt to describe the de- 
light of the people at seeing such a quan- 
tity of water stored up for their cultivation; 
they felt that they were now certain of till- 
ing their land profitably, and they gave 
substantial proofs of this by their eager- 
ness to buy up the crown lands, a state- 
ment of the proceeds of which I shall 
presently give 

VEREADDY CATTOO OR DAM. 

The only formidable escape of water 
from the main channel of the river was 
down the branch called the Vereaddy Aur, 
running into Akrapattoo, the slope of this 
branch was so rapid that it took off a very 
large quantity of water, much more than 
the land through which it flowed required, 
while for six or eight months in the year 
it completely draine.l the Sengepaddy Aar, 
or upper stream, to the great injury of the 
Carawagoo lands. The former land had 
too much water, the latter not enough, to 
equalize the supply; it was, therefore, de- 
termined to construct a regulating dam at 
its head. This was not intended to pre- 
vent the heavy flools going down the 
Vereaddy river, for that would have been 
impossible, but it was simply to prevent 
such portons of the summer fresbes as 
were not wanted in Akrapattoo, and thus 
to force them into the Sengepaddy river. 

The design for this work required care- 
ful consideration, on account of the quan- 
tities of sand brought down by the floods. 
A simple wa'l with sluices and aprons 
across the river’s head might, for a few 
years, have answered the purpose, but the 
sluices would constantly have been choked 
with sand, and the dam itself would have 
presented a most formidable obstacle to the 
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winter floods, which it was useless to at- 
tempt to stop; I therefore determined on a 
work similar to the flood-gates at Ereca- 
mam, that is a dam eomposed of masonry 
piers, and wooden posts supporting hori- 
zontal planks, to be removed singly. Dur- 
ing the season of floods, the dam is 
kept entirely open by taking out the planks, 
it then presents to the stream no more ob- 
stacle than a bridge would do; the floods 
are thus freely allowed to flow off, and 
there is no accumulation of sand above the 
dam. You will find a detai'ed p'an of this 
work on the table. The only th ng in 
which it differs essentia!ly from the work 
at Erecamam is the foundations; here the 
bed of the river was loose sand from 9 to 
10 feet deep, when clay was reached. In 
the foundation I adopted the p'an almost 
universally pursued in Southern India, 
viz.:—continuous wellssunk 9 to 19 feet 
in the river’s bed. Two rows of wells were 
sunk across the river to correspond w:th 
the width of the apron, interm< diate wells 
for the piers being also sunk; these wells 
were then filled up with a mixture of clay 
and broken brick, and the apron, 3 feet 
thick, was built upon them in brick mason- 
ry. This system of foundations is particu- 
larly well adapted to rivers of this kind, 
and is almost universal in the Madras 
provinces ; it was the first time, however, 
it had been adopted in Cey'!on, and I was 
obliged to get the workmen from India. 
There is a class of men who do nothing 
else, and are in consequence called well- 
sinkers. The first two or three feet can be 
sunk by any intelligent workman, but after 
that the men work under water by diving, 
and it is only those who are accustomed to 
this sort of wo:k who can stand it, and even 
to them the work is so severe that they have 
constantly to be relieved. Strange to say, 
what they suffer most from is cold, and 
that with a blazing tropical sun over them 
sufficient to raise the temperature to 110° 
or 120°. They work naked, and when 
they come out of the water the evaporation 
from their skin is very rap.d, this makes 
them intensely cold; they adopt a novel 
means of warming themselves ; as soon as 
they come out of the water, they cover 
themselves with hot sand, and there lay un- 
til their turn comes round for work. Asa 
rule, three men work at each well, one of 
whom is always resting in this way. Phys- 
ically, they are a fine race of men, and are 
all but amphibious. 





Vereaddy Dam has completely answered 
the purpose for which it was designed; it 
affords the means of throwing five feet of 
water into the Sengepaddy river, a quan- 
tity amply sufficient for all the land through 
which it flows, and by simply withdrawing 
the p'anks the quantity of water go ng into 
the V.readdy Aar can be regulated with 
the greatest nicety. The first closing of 
this work was not less interesting than that 
at Erecamam; the position of the two 
rivers was reversed, the branch which had 
b: fore carried off all the water was now 
dry, it being forced into the Sengepaddy 
channel, and the delight and surprise of 
the natives at seeing the hitherto unruly 
river brought under control was most grat- 
ifying. 1t was curious to see how the fish 
were deceived by it, numbers were caught 
just above the dum, while others, in their 
attempts to pursue their accustomed haunts, 
got jammed in between the planks, or 
found themselves landed on the nearly dry 
apron below. 

The chief difficulty experienced in carry- 
ing out these works was the scarcity of 
skilled labor ; this had to be brought from 
the south of India at great cost. ‘The un- 
healthy nature of the climate was also a 
great drawback, and it was quite melan- 
choly to see how the workmen suffered. I 
believe this will always be the case in car- 
rying on works in a wild part of a tropical 
country; I had sad experience of it here 
among my men, although the works were 
not more than ten or fifteen mils from 
thickly populat:d and hexalthy viilages. 
The materials used were bricks, stone, and 
lime, the former were taken from some 
ruined temples in the vicinity, but the lime 
had to be transported part'y in voats and 
part'y on bullocks’ backs a distance of 50 
miles. It was burnt from coral, aid very 
excellent mortar it makes; to render it 
more hydraulic, I mixed brickdust with it, 
generally in the proportions of 2 of brick- 
dust, 1 sand, 2 slaked lime. 

In considering artificial irr'gition for rice, 
the que-tion will natural y arise, how much 
water is necessary, say fur an acre. This 
must vary in different countries, besides 
which, some kinds of rice requre much 
more water than others. In Ceylon, even 
the statements given me on this subject by 
intelligent farmers differed great y, the 
most reliable information I could procure, 
however, made it appear that an acre of 
rice required a supply of 4,000 cubic 
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yards of water, extended over a period of 
90 days. General Cotton, the great irri- 
gation engineer of Madras, gives the 
quantity at 5,000 cubic yards, while the 
late Colonel Baird Smith, equally cele- 
brated for his works in Bengal, states that 
a cubic foot of water per second is suf- 
ficient for 40 acres. It is so impossible 
to reconcile these statements, that the 
discrepancy must arise from different 
systems of cultivation. In Ceylon a con- 
stant supply was not required. 

In conclusion, a brief statement of the 
financial results of the works will be in- 
teresting. They cost £16,600. For the 
10 years previous to 1861, the goverment 
tithe on the lands watered by the works 
averaged £1,805 per annum ; in the year 
1861 it was £2,055, being an increase of 
£1,250 per year, which the works secured 
to the revenue of the province. This £2,- 
055 represents the annual tax on 14,000 
acres of ground which were in cultivation 
before the works were commenced, but 
which were effected by the works, inas- 
much as they afforded a certain supply 
of water, instead of the hitherto precar- 
ious one. Besides this, some 6,000 acres 
of crown land were rendered capable of 
profitable cultivation; a considerable 
portion of this had been sold in 1861, 
and realized £9,046, and as soon as it 
came into cultivation it would yield an 
additional revenue to government of from 
two to three shillings per acre. The 
financial results, therefore, have been 
very sat.sfactory, and the social benefits 
conferred on the natives by encouraging 
them to adopt settled and permanent cul- 
tivation as a means of subsistence are in- 
calculable. 

Since writing this paper I hear that re- 
cent experience shows the result of these 
works in a still more favorable light. A 
statement, proving their utility and suc- 
cess, was made by the Surveyor-General 
on the 20th December, 1862, when the 
vote for the up-keep of the works was 
brought before the Legislative Council of 
Ceylon; and as it points out most clearly 
the benefits—both financial and social— 
resulting from the works, I cannot do 
better than conclude this paper with an 
extract from the Surveyor-General’s own 
remarks on the occasion. 

He said: “I am glad that my honora- 
ble friend has brought forward this sub- 
ject, because’ I believe an inpression ex- 


ists abroad to some extent that the re- 
turns from these works of irrigation 
have been quite inadequate to the out- 
lay. I cannot think so myself. Both 
the works of Erecamam and Orrobokke 
are, in my opinion, decidedly success- 
ful. I cannot say the same of Devit- 
tore; still nothing as yet has been 
brought to account there. 

“The returns show that £10,000 have 
been received from land sales and fees 
at Erecamam, against £18,000, the cost 
of the works and wp-keep to date. Be- 
sides which there ought to be consid- 
ered the increase to the annual revenue 
from the augmented taxation. For- 
merly ls. was levied per acre over the 
10,000 acres of old paddy land in the 
irrigation districts. It was proposed 
tbat this should be raised 2s. 6d. on ac- 
count of the works, and that this rate 
should be exacted from the new lands. 
This should give an increase of more 
than £1,000 a year. I donot know for 
certain whether the rate has been raised 
to this figure, but I believe it has been. 
Then in 1858, 1860, and 1861, the 
country was visited with severe drought, 
and the crops of those years were en- 
tirely due to the successful operation of 
the irrigation works. When in Batti- 
caloa, I was told that the value of the 
crop might be estimated at £20,000; so 
that these works have been the means 
of saving £60,000 to the native inhabi- 
tants of that district. It is not difficult 
to find out the value of a crop in money, 
but who is to estimate the amount of 
privation and even mortality that would 
have ensued had these works not been 
constructed.” 





Russia possesses a remarkable system of 
river, canal, and lake communication, the 
importance of which has not been destroyed 
by the railways. The configuration of the 
ground, mostly flat, is very favorable to 
navigable water-routes, which attain in the 
country a totallength of 34,770 kilometres, 
or 1 kilometre per 143.7 square kilometres 
of territory, and for every 1,831 of the in- 
habitants. To appreciate these numerical 
results, however, regard must be had to the 
average length of season in wh ch naviga- 
tion is practicable; this is in Russia, only 239 
days inthe year. In the north the fluviatile 
communications are possible only 65 months; 





in the south (on an average) 9 months. 
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LOCOMOTIVES FOR ASCENDING STEEP INCLINES WITH 
SHARP CURVES. 


By Lievt. J. G. HALL, R.B. 
Papers of the Royal Engineers. 


Not many years ago it was supposed | It is quite obvious that solong an engine 
that the adhesion between the driving| could scarcely pass round curves at all, 
wheels of an engine and the rails was| even at any cost of friction, with the ordi- 
such as not to ailow of railways being | nary construction of wheels and axles. This 
worked with steeper gradients than 1 in | difficulty is got over in the following way: 
120 or 1 in 100, but practical experience | —The tires of the four centre wheels al- 
has lately shown the fallacy of those| ready mentioned are applied on hoop 
ideas. Numerous samples may be cited | springs of elastic steel placed between 
of railways, both in Great Britain and | the wheel andtire. On these springs the 
abroad, where the gradients range from | tires can slip or revolve without sliding on 
about 1 in 60 to 1 in 30, but I shall con-| the rails, and thus the revolutions of the 
fine myself to a few of the most important | tires are adjusted to the varying lengths 
ones, with a short description of how | of the rails on curves by self-action. The 
each is worked. Beginning first with | sliding of the wheels on the tire is not 
those at hi me, we have the St. Helen's | found in any way to impede the tractive 
Railway. With regard to this line, the | power of the engine, but, on the contrary, 
Times says :—* This line ronning through | rather to increase it. The extreme pair 
a billy, mineral district, has a most re-| of wheels at each end have the same ar- 
markable combination of sharp curves| rangement with regard to the tires, but 
aud steep gradients. In a length of about | the axles have very long bearings, and the 
30 miles it has a constant succession of | boxes in which they run, instead of being 
curves, varying from 500 down to 170) parallel to the axles, are formed in 
feet radius, and it has gradients from 1/ curved lines struck from central points, 
in 85 to 1 in 35. This line has been | and are permitted to move in this curv- 
usually worked by short engines on six | ature through the horn plates and axle 
wheels, four of them being coupled as | guides beneath the spring shoes. The 
drivers, and connected to separate tend- | result of this is, that the wheels and 
ers for the supply of fuel and water; the | flanges are free to follow the curve of the 


length of the wheel base of the engine 
was 12 feet. Even this comparatively 
short length of engine was disadvanta- 
geous on curves, involving much impedi- 
menial friction; and a still greater disad- 
vantage was that tender engines are only 
adapted to run safely with the tender be- 
hind, and in the working and shunting, 
the loss of time, labor, and the expense 
was considerable. In lieu of those six- 
wheeled engines, a locomotive of quite a 
novel construction has been lately intro- 
duced. This engine is capable of running | 
either end foremost, and of passing with a 
free, rolling movement round curves of two 
chains. The engine is on eight wheels, 
covering a base of 22 feet, and the length 
of the solid frame is 32 feet in length. 
The four central wheels have their axles, 





which are rigidly parallel to each other, 
passing through before and behind the | 
fire-box, the axles being about 8 feet apart. | 


rails, with this very important advantage 
in point of safety, that the extreme axles 
on curves always point truly to the cen- 
tre of the curve, and, consequently are 
square to the rails even though the curve 
may be in the form of the letter S, requir- 
ing the axles to radiate in opposite direc- 
tions.” 

Among other steep inclines in this 
country may be mentioned the Lickey in- 
cline on the Birmingham and Gloucester 
Railway. It has a ruling gradient of 1 in 
87, and is worked by two locomotives 
coupled together, one of them weighing 
35, and the other 32 tons, and they take 
up an average goods train, which is about 
300 tons load, at a rate of 6} miles per 
hour. The Dainton Incline, on the South 
Devon, is also very steep, being 1 in 45; 
and there is also an incline near Oldham, 
on the Manchester and Oldham Railway, 
with a gradient of 1 in 27. Most of these 
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inclines were formerly worked by station- 
ary engines and rope traction, but this 
method of working inclines has fallen into 
disuse from two primary causes :—lst, 
that locomotives can do the work as well, 
and are more convenient. 2nd, Where 
the curves are numerous and sharp, it be- 
comes almost impracticable to use a trar- 
tion rope. Another reason might also 
be urged, that there is always a risk of 
the rope giving way and thereby causing 
very serious accidents. 

Abroad steep inclines are becoming 
very common, and it is abroad that some 
of the most remarkable are to be found. 
The three following are the most worthy 
of notice, viz.:—the Semmering incline on 
the Vienna and Trieste railway, the Giovi 
incline on the Turin and Genoa Rail- 
way and the Bhore Ghaut incline on 
the Great Indian Peninsular Ruil- 
way. The Semmering incline was 
opened in 1854; its entire length is 19.47 
miles, and the gradients range from 1 in 
40 to 150. The curves range from 9} 
chains radius to 14 chains radius. It is 
at present worked by an engine designed 
by M. Engerth, the Austrian Government 
Locomotive Superintendent. The follow- 
ing is a brief description of the type of 
eugine used:—It consists of two parts, 
the forepart carrying the boiler, fire-box, 
&c., is supported on three pair of coupled 
wheels, and the hind part is a peculiar 
description of “bogie” which carries the 
driver’s platform and fuel, and is support- 
ed on two pair of wheels. The water is car- 
ried in tanks at each side of the boiler, so 
that the whole weight of boiler, tank, &c., 
is available for adhesion. The total weight 
of the engine, when filled, is 554 tons, and 
is distributed in the following manner : 
13$ tons on the leading wheels, 12} on 
the centre, and 13 tons on the driving 
wheels, and 8} tons on each pair of trail- 
ing wheels. These two pair of trailing 
wheels were afterwards made into assistant 
drivers by means of axles with toothed 
wheels keyed on them. The total heating 
surface is 1,669 square feet, of which 75 
square feet is fire-box surface. The num- 
ber of tubes are 189 of 2 inches diameter, 
and 15 feet 7 inches in length. The grate 
area is 126 square feet, or 1} of the 
heating surface. The diameter of the 
cylinders, which are outside ones, is 18-7 
inches, and the stroke 25 inches. The 
wheels are all 3 feet 7? inches in diame- 





ter. These engines are 380 horse power, 
and can draw a load of 160 tons (engine 
included) up an incline of 1 in 40 and at 
a speed of about 10 miles per hour. 
About .73 cubic feet of water per horse 
power is evaporated per hour. 

“The Giovi incline on the Turin and 
Genoa Railway commences about 7? miles 
from Genoa, at a point 295 feet above the 
level of the Mediterranean. It ascends 
there for about 6 miles to an elevation of 
1,1°4 feet, being au average gradient of 1 
in 36.” The steepest gradient is 1 in 29, 
and the smallest 1 in 50. These grad- 
ients have curves of a miuimum radius of 
20 chains. 

The locomotive power employed for as- 
ceuding the ineline, is obtained by using 
two engines of the same size, constructed 
by Messrs. Robert Stephenson and Co., 
of Newcastle, each carrying its own coke 
and water, and resting on fuur coupled 
wheels, with outside cylinders. The 
wheels are 3 feet 6 inches in diameter, 
and the cylinders 14 inches, the length of 
stroke being 22 inches. These two loco- 
motives are bolted together, so that the 
fire-boxes are opposite each other, and 
they are manned by one driver and a 
stoker. When filled they weigh alto- 
gether 55} tons; the wheels nearest the 
fire-box carrying about 14 /ons each, and 
the other 10 t#ns. In fine weather the 
loc motives carry up 100 tons, and in the 
worst, never less than 70 tons at a speed 
of 15 miles per hour. 

The Bhore Ghaut Incline, by which Bom- 
bay is put in immediate connection with 
the Deccan, is 15} miles long, rises 1,831 
feet with an average gradient of 1 in 48, 
the steepest being 1 in 37. It was opened 
in March, 1863, after having been in hand 
for 7} years. 

The engines with which this incline is 
worked are fvurteen in number, worked 
in pairs by coupling them back to back, 
They carry their own water tanks and 
are without tenders. Each engine has 
two pair of coupled wheels, 4 feet in dia- 
meter. The cylinders are 15 inches in 
diameter, and length of stroke 22 inches. 
The total weight of each engine when in 
working condition is 34} tons. 

Abroad great attention has been given 
to the construction of locomotives for as- 
cending steep inclines with sharp curves, 
and, as a class, they are quite different 
from those used in this country. 
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On the Northern Railway of France, for 
instance, some of the heavy gradient loco- 
motives have as many as six pair of 
wheels, coupled in two sets of three, with 
two pair of cylinders, and the fore and 
hind axle boxes have 1} inch play trans- 
versely to admit of their running round 
sharp curves of 6U0 feet radius. Their 
average weight in working condition is 57 
tons, the whole being available for adhe- 
sion. 

Mr. Clark (M. Inst. C.E.) in his paper 
on the locomotives in the International 
Exhibition of 1862, with regard to this 
type of engine, after referring to their top- 
heaviness and the overcrowded state of 
the tubes, says :— The best thing about 
these engines is the uniform distribution 
of the weight, giving great tractive power 
without distressing the road on the 
straight portion; but the wheel base is 
impracticably long, and must greatly 
strain the engine and road, as well as add 
to the resistance on sharp curves. The 


proportion of the tractive power, taking 
the effective mean pressure in the cylin- 
ders at 80 per cent. of the boiler pressure 
for low speeds, is about one-sixth of the 


weight for adhesion, which is a fair pro- 
portion, and utilizes the immense weight 
of the engine.” 

There is another type of locomotive 
which is coming rather extensively into 
use on the continent (though it has not 
met with much encourazement in this 
country), and that is what is known by 
the name of the “ bogie” type. They are 
very much to be recommended for sharp 
curves and steep gradients, and where 
the length of gradient is such as to war- 
rant the expense of their construction. 
They are often as much as 60 tons in 
weight and generally have all their wheels 
coupled to the drivers. 

I cannot well dismiss this part of my 
subject without saying a few words about 
a kind of engife which, no doubt, will 
quite revolutionize railway engineering. 
The invention, which is the subject of a 
patent taken out by Mr. Fell, Engineer, 
Sparkbridge, Lancashire, consists in ob- 
taining additional adhesion other than 
that obtained by the weight of the loco- 
motive itself. It is carried outin the 
following way :—Horizontal wheels in 
pairs are so arranged as to work on either 
side of a central rail by means of cylin- 
ders, and a steady and constant pressure 





is obtained between the wheels and rails 
by means of springs, though, of course, 
the pressure may also be produced by 
means of a steam cylinder, or even by 
water pressure. There is also an arrange- 
ment by which the pressure of the springs 
can be increased or dimished at pleas- 
ure. 

In order to avoid friction in a vertical 
direction between the wheel and central 
rail, resulting from the movement of the 
engine on the springs which support it, 
vertical play is allowed. These wheels 
can also be used as brakes. The pro- 
posed immediate application of the inven- 
tion, is to work locomotives and carriages 
on the steep inclines over the Alpine Pass 
at Mont Cenis and thus connect the French 
and Italian railway system'ten years soon- 
er than it could be accomplished by the 
completion of the great tunnel through 
tbe Alps, commenced some years ago by 
the French and Italian governments. For 
this purpose it is proposed to construct a 
railway on a portion of the existing public 
road between St. Michel in Savoy, and 
Susa, in Piedmont. The distance is about 
48 miles, and the width sufficient to ac- 
commodate both the local and the railway 
traffic. Some of the gradients are up- 
wards of 1 in 12, and the curves are gen- 
erally very sharp. A locomotive on this 
principle has lately been tried on the 
Cromford and High Peak Railway. It 
drew a load of 20 tons, which is equiva- 
lent to 100 passengers and carriages, up 
an incline of 1 in 12, and round a curve 
of 2 chains, at an average rate of from 7} 
to 12 miles per hour. The adhesive weight 
of the engine tried was 16 tons, and with 
the aid of the horizontal wheels it was in- 
creased to 32 tons; it was also found that 
the “grip ” of the horizontal wheels was 
so firm, that with the addition of the 
brakes attached tothe several carriages, 
the train was stopped on the incline. 

Without stopping to discuss the merits 
of the various methods hitherto adopted 
for working steep inclines with sharp 
curves, I shall proceed to lay before you 
two plans I have to propose, and I ought 
to mention here that both of the projects 
under consideration were, as far as the 
general principles are concerned, the sub- 
ject of a paper that I forwarded to the In- 
stitute of Civil Engineers, December, 1862, 
but as it only contained plans not execu- 
ted or attempted, it therefore did not 
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come within the scope of its regulations, 
and, consequently, wis not read at the 
meetings of the Institute. 

A locomotive, having the propelling 
power within itself, advances by means 
of the adhesion between the touching 
points of the surface of the driving wheels 
and of the rails on which it is moving. 
This adhesion is only another term for 
the friction caused by gravity, or the 
weight of the locomotive pressing against 
the rails, by which, when the driving 
wheels are put in motion by the engine, 
an abutment, as it were, is presented to 
their motion in situ, necessarily causing 
them to advance, as the only motion they 
are susceptible of under the circum- 
stances. But for the frictional resistance, 
egg by the weight of the locomotive 

tween the particles of iron at the 
touching surfaces of the rails and wheels, 





the latter would merely revolve on their 
axes in silu, without any advancing mo- 
tion. 

Frictional resistance is experienced by 
all rolling bodies, and is obstructive of 
their motion, causing and representing & 
certain loss or expenditure of power in 
overcoming it. But in relation to the 
special action or function of the driving 
wheels of a locomotive, this resistance is 
beneficial, and necessary to the efficient 
application of the power in propelling the 
locomotive, and enabling it to draw what- 
ever is attached to it. 

The most favorable position for realiz- 
ing the full effect of the surface adhesion 
between the rails and the driving wheels, 
is when the rails are perfectly horizontal, 
and the weight of the locomotive press- 
ing in the line of gravity at right angles 
to the rails. 





THE CAUSES OF THE FORMATION OF BARS AT THE MOUTHS 
OF RIVERS, AS SHOWN IN AN EXAMINATION OF THE 
CONNECTICUT RIVER. 


By Gen, THEODORE G, ELLIS, C. E. 


Transactions of the American Society of Civil Engineers, 


The Connecticut River rises in the ex- 
treme northern part of New Hampshire, 
almost upon the border of Canada, and 
flows southward between the States of New 
Hampshire and Vermont, crossing the 
states of Massachusetts and Connecticut, 
and enters Long Island Sound. 

In the States of New Hampshire and 
Vermont, its watershed is narrow and pre- 
cipitous, and its tributaries are mostly 
small, partaking of the character of moun- 
tain torrents. In M«ssachusetts the drain- 
age area is more extended, and streams of 
some size enter from the east and west. In 
Connecticut but one stream of any size en- 
ters the river. Below Hartford the tribu- 
taries are small, and, exceptin heavy rains, 
furnish but little water. All of the streams 
flowing into the Connecticut bring down 
more or less detritus in freshets. 

From its source to the Massachusetts 
State line, the banks of the Connecticut 
are generally of a permanent character. 
Through the State of Massachusetts the 
river passes mostly through an alluvial 
formation, though in some places the bed 





is hard and permanent. From the town 
of Northampton to Hartford, and south- 
ward as far as Rocky Hill, the river flows 
through alluvial meadows overflowed in 
high freshets. In many places through 
this region the banks are washed away 
by the river. From about two mi'es 
above Hartford to nine miles below, the 
banks are generally a clay-loam upon the 
outside of the curves or bends, and upon 
the opposite side are low sand beaches, de- 
posited by the river in freshets. The 
banks upon the outside of the bends are 
wearing away rapidly, generally caving off 
by being undermined, but in some cases 
the clay slides out from the bottom and 
rises up in the river, the top sinking down 
for 20 or 30 feet back to a level of 8 or 10 
feet lower than before. The part that 
slides out soon washes away, and the oper- 
ation is repeated. This part of the river 
furnishes a great amount of silt, and is 
continually changing its bed. 

From Rocky Hill to the Narrows, below 
Middletown, the banks are more permanent 
and less subject to wash. At two or three 
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places, however, they are wearing away by 
the action of the water. Through the 
Narrows, for about a mile, the banks are 
high and rocky, and the channel deep and 
narrow. From this point to the mouth of 
the river the banks suffer but little abra- 
sion from the action of the water, and are 
generally hilly, sloping downward to the 
water, and in many places rocky. The bed 
of the river, in the upper part, where it 
does not reach the rock, is coarse gravel ; 
through the alluvial region it is generally 
a hard, fine sand, which becomes mixed 
with more or less mud in the lower part of 
the river near its mouth. 

The Connecticut River is subject to fresh- 
ets of considerable height, which mostly 
occur in the spring, when the river is swol- 
len by the melting snow, although freshets 
have occurred in every month of the year, 
except June, July and September. The 


highest known freshet was in May, 1854, 
when the water rose to a height of 29 feet 
and 10 inches above low-water at Hart- 
ford. 

The great height of the freshets at Hart- 
ford is due to the contraction of the water- 
way at the Narrows, just below Middle- 


town. The river at this place is only 650 
feet wide at the ordinary water-line, with 
steep and rocky banks rising to a great 
height on either side, so that the width 
pr does not exceed 800 feet at the 

ighest water level. Through this gorge 
all the water must pass, which in freshets 
overflows the banks above and spreads 
out in some places nearly two miles in 
width over the meadows through which 
the river runs. The effect of this contrac- 
tion is seen in the small fall in the surface 
of the water in floods between Hartford 
and Middletown. Middletown is about one- 
third of the distance from Hartford to the 
mouth of the river, and the average fall of 
water between these points in high fresh- 
ets is only about one-sixth of the total fall. 
The distance from Hartford to Saybrook 
light is 49 miles. 

The volume of water discharged by the 
Connecticut River is about 7.500 cubic feet 
per second at low stages of the water, and 
rises as high as 160.000 cubic feet per 
second in high freshets. The average dis- 
charge during the year 1871 was 19.388 
cubic feet per second. The average veloc- 
ity of the water varies from one to four 
miles per hour, according to the stage of 
the river. 





During the spring freshets, the upper 
waters and tributaries of the Connecticut 
bring down large quantities of silt, which 
is deposited along its course, and upon 
Saybrook bar at its mouth. At high stages 
a large amount is deposited upon the 
meadows above Middletown, where the 
river spreads out to a great width, and the 
current is checked. Bars of sand are 
formed in the eddies, which wash away as 
the river falls. The finer particles held in 
suspension are carried forward by the cur- 
rent and deposited lower down or carried 
out over the bar at the mouth of the river. 
After the water has fallen, so as to be con- 
fined within its banks, through the allu- 
vial region between Northampton and 
Rocky Hill, these banks are washed and 
carried off; furnishing a great amount of 
material to be deposited below. 

At ordinary summer level, the tides 
affect the river to a point about seven 
miles above Hartford, the rise and fall at 
Hartford being about 10 inches; at Say- 
brook the mean rise and fall of the tides is 
34 feet. As the water rises the tides disap- 
pear. At 5 feet there is no tide at Hart- 
ford. In extremely low tides and a south 
wind, there is sometimes a reverse current 
as high up as Middletown. The slope of 
the river from Hartford to the sound, at 
ordinary summer level and mean tides, is 
about 2 feet. Above Hartford the slope 
becomes steeper and more irregular. 

' The foregoing details of the character of 
the river, although briefly stated, will give 
a sufficient idea of the nature and amount 
of detritus that may be expected to flow out 
at the mouth and be deposited in the 
sound, 

In order to kn»uw what becomes of the 
material brought down by the river, it be- 
comes necessary to investigate the currents 
and other natural causes affecting it after 
it leaves the river and enters the sound. 
The nature of the tides and tidal currents 
in Long Island Sound may be stated brief- 
ly as follows: The tidal wave from the 
ocean approaches the entrance to the sound 
from the southeast and flows into it, past 
Fisher’s and Plum Islinds, mostly through 
the middle part, called the Race. Another 
tidal wave enters the west end of the sound 
through New York Bay. These tides meet 
at some place between Sand’s Point and 
Throg’s Neck, according to the state of the 
tides. The wave passing up the sound 
from the Race is partly a wave of trans- 
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mission, with a progressive velocity depen- 
ding upon the mean depth of the channel, 
and partly an actual flowing in and out of 
water throngh the Race. Thecrest of the 
wave of transmission moves from the Race 
to Sand’s Point, a distance of 95 miles, in 
two hours. As the tide rises, the water 
pours through the Race at a maximum 
rate of about 5 miles an hour. This cur- 
rent opposite the mouth of the Connecticut 
River is about 2} miles an hour. As the 
erest of the wave passes, the currents set 
back again in the opposite direction with 
about the same velocities. 

As the tide rises in the sound, the 
currents set in towards the shore; and as 
it lowers they set outward from the shore, 
taking a direction slightly diagonal to the 
general direct'on of the central current. 

At dead low-water the current from the 
river spreads out over the whole bar. The 





dently what forms the two side channels to 
the east and southwest. 

Along the southwest edge of the bar, 
the outer bank is for a long distance very 
steep. This is probably caused by the 
strong wash of the ebb tide flowing along 
the shore from the westward, and striking 
upon the outer edge of the shoal. 

A very complete survey of the mouth of 
the Connecticut River has been recently 
made by the writer, with a view to per- 
manently improving the channel, which 
shows with great exactness the present 
form and state of the bar. By comparison 
of this with the maps of earlier surveys, we 
are enabled to determine the changes that 
have been going on, and study the causes 
which produce them. It will be unneces- 
sary to go into all the details of changes 
which have occurred from time to time, as 
it would consume too much space, and 


greater volume, however, follows the cen- | prove uninteresting without having copies 


tral or southeast channel. There are two | of the several maps to refer to. 


other channels over the bar, one to the 
eastward, near the shore, and another to 
the southwest, with nearly as deep water 
as the central channel. When the rising 


tide commences to flow in from the south- 
east, it first dams back the river water and 


forms a distinct line of ripples along the 
outer edge of the bar. As the tide contin- 
ues to rise, the stronger flow sets this rip- 
ple farther and farther on to the bar ; turn- 
ing back the current from the river, and 
throwing it farther to the westward, until 
what still flows out passes through the 
southwest channel. 

From half-tide upward, a strong current 
sets in along the shore towards Griswold’s 
Point, and flows across the mouth of the 
river, and partly into it, setting the fresh 
water back and raising the height of the 
water in the river. Just before the high- 
est water, the current turns and sets 
strongly to the eastward along the shore, 
west from the light-house, impinging 
strongly upon the current flowing out 
from the river, and forming a well-defiued 
ripple, extending southwest from the light. 
The great volume of water coming from the 
river, that has flowed into it on the rising 
tide, maintains its current southward until 
the tide has somewhat fallen, when the 
great volume of water sweeping down the 
sound overcomes the obstacle and pushes 
the river current over to the eastward, into 
and beyond the main central channel. 
This action of the littoral curreats is evi- 











The prin- 
cipal changes only, and those having refer- 
ence to the formation of the bar, will be 
noticed. 

A comparison of the present survey with 
the United States Coast Survey Chart of 
1853, and with a survey made in 1836, by 
Col. Julius W. Adams, will show the prin- 
cipal changes that have occurred during 
the past thirty-six years at and near the 
mouth of the river. Prior to September, 
1815, as shown on Col. Adams’s map, Gris- 
wold’s Point extended much farther to the 
west than at present; reaching some 400 
feet beyond what is now known as Poverty 
Island. To the north, between Griswold’s 
Point and the foot of the island, was the 
channel of Blackball River. In continua- 
tion of Griswold’s Point, with a channel of 
about 200 feet between, was an island of 
above 2,300 feet long and 700 feet broad, 
of an oval form, extending out nearly to 
Griswold’s north pier. The Blackhall River 
had two outlets, one on each side of the 
easterly end of the island. 

In the gale which occurred in September, 
1815, the whole of this island and the 
western portion of Griswold’s Point, back 
to a long distance beyond its present limits 
were washed away. The ordinary action 
of the waves and currents again com- 
menced to re-form the parts carried off, and, 
at the time of Col. Adams’s survey, a point 
called Poverty Island beach had run out 
about 1,500 feet from the southwest cor- 
ner of the large island now called Poverty 
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Island, upon the ground formerly occupied 
by the island washed away; and Gris- 
wold’s Point had extended out to within 
1,000 feet of its present limits. The mouth 
of Blackhall River was then just west of 
this point. 

At the time of the coast survey, in 1850, 
Poverty Island beach had extended out 
still farther, and more to the north, toa 
length of 2,200 feet, and deeper water ex- 
isted around it than before, Griswold’s 
Point had also lengthened out about 600 
feet. Poverty Island beach extended out 
some 200 feet farther, and was afterwards 

radually washed away; being worn 
own by the action of the waves or river 
floods, and perhaps both; leaving at the 
resent time but a small island of about 
00 feet long, now known as Poverty 
Island Point. Griswold’s Point has to the 
—— time farther lengthened out about 
00 feet. 

The general outlines of the bar, as 
shown by the three surveys, are nearly 
the same. Although the outlines as shown 
by Col. Adams are not so extensive as 
those of the Coast Survey chart and the 
present survey, yet the two latter do not 
essentially differ, as to the extent of the 
bar, at the 18 feet contour line. There 
have been other minor changes, but none 
that affect the general character or the 
causes of formation of the bar. 

It will be seen from the foregoing ac- 
count of the principal changes at the mouth 
of the river, that great changes are con- 
stantly going on upon the eastern side, in 
the continual formation and occasional 
washing away of extensive spits and 
islands, while the western side remains al- 
ways thesame. The cause of this is to be 
found in the action of the waves during the 
continuance of the prevailing winds and 
storms. These are from the southeast, and 
the waves, acting diagonally along the 
shore, drive the material of which the 
beach is formed to the westward, until it 
meets the descending current of the river, 
which limits its farther motion in that di- 
rection. This wave action is constantly go- 
ing on, and all the material carried for- 
ward eventually finds its way out upon the 
bar, either by being gradually trausferred 
by the river current or by being washed 
out at once in a large quantity, as was the 
case when the island and point were 
carried off by the gale of September, 1815. 

There is unother important action of the 





waves besides that which transmits mater- 
ial along the shore ; that is its action upon 
the outer edge of the bar. It is well known 
to all who have had occasion to examine 
the action of the sea upon an inclined 
shore, that it never carries off or swallows 
up anything. Everything is cast ashore or 
pushed out upon the beach, and the largest 
and heaviest things are thrown the farthest 
out and highest up upon the beach. This 
is caused by the progressive movement of 
the waves as they roll in upon the shore, 
and the same action occurs upon the outer 
edge of the bar to a depth equal to that of 
the same wave action upon the shore. The 
material of the bar is being constantly 
forced backward, up to a point where the 
river current is sufficiently strong to pre- 
vent its farther motion, and neutralize the 
action of the waves. 

This wave action upon the bottom has 
been advanced as the: sole cause of bars; 
the only conditions necessary being : 

Ist. The presence of sand or shingle, or 
other easily moved material. 

2d. Water of a depth so limited that the 
waves, during storms, may act on the bot- 
tom. 

3d. Such an exposure as shall allow of 
waves being generated of sufficient size to 
operate on the submerged material. 

Where these conditions exist at the mouth 
of a river running into the sea or large 
lake of fresh water, a bar would undoubted- 
ly exist, even though no sediment was dis- 
charged by the stream; but there are other 
causes which form bars, where one of the 
conditions above might not exist, viz., 
the limited depth of water before the com- 
mencement of the formation of the bar. In 
this case the action of the waves along 
the shore carrying sand or shingle into the 
mouth of the river, as it does in the Con- 
necticut, would soon raise the height of 
the bottom so that it could be operated 
upon by the waves and raised into a bar, 
or the material might be supplied by sus- 
pended silt, or sand carried by the current 
along the bottom, which would be de- 
posited in the dead water at the mouth of 
the river, and be formed into a bar in the 
same manner. 

When a river brings down silt suspended 
in the water, a favorite theory has been to 
suppose that the bar is formed by the de- 
posit of this silt when the fresh water 
meets the salt. The silt is supposed to re- 
main suspended until the current is checked 
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by the fresh water expanding out over the 
surface of the underlying salt water, when 
it is deposited and is carried back by the un- 
der current of salt water as the tide enters 
the mouth of the river, thus forming the 
bar. The principal objection to this theory 
is, that bars are formed where streams en- 
ter fresh water lakes, and the supposed con- 
ditions do not exist. 

Another theory of the formation of bars 
at the mouths of rivers,which has been ad- 
vanced by the highest authority upon river 
hydraulics, is, that the sand and mud which 
is drifted along the bottom by the river 
current, passes into the sea until it meets 
the dead angle formed by the rising of 
the fresh river water over the salt water, 
when it is deposited and forms the bar. It 
is not expl.ined what would be the effect 
of a river flowing into a fresh water lake, 
where all the water was of the same densi- 
ty; but for a stream flowing into salt water, 
this theory is amply sufficient to account 
for the formation of a bar. In the bar 
upon which observations were made to de- 
termine the cause of its formation by ex- 
periment, ths was found to be the case. 

I am led, however, to believe, from an 
examination of the Connecticut, and com- 
parison with published records of other 
rivers and estuaries, that no single one of 
the theories named will account for the 
formation of ail bars. In many cases a 
variety of causes are in operation te pro- 
du:e a bar and mod fy its form, either one 
of which wight have produced it acting 
alone, but which all couduce to give it its 
existing form. In other cases fewer causes 
Operate to create the bar, and may be dif- 
ferent in different bars. In the Connecti- 
cut we have many forces in operation to 
give the bar its present form. 

Its material appears to be largely com- 
posed of detritus brough down by the 
river in times of freshet-, although some 
portion of it is washed from along the 
shore to the eastward by the action of the 
Waves, and some may be swept across the 
mouth of the river by the littoral tidal 
currents of the sound. The silt brought 
down by the riv r during fresets, and the 
coarser material that is swept along the 
bottom are carried out and deposited upon 
the bar, where their character is mod.tied 
by the action of the waves and by the tidal 
currents flowing in and out over the bar 
when the water in the river falls to its 
usual level, so that only the coarser part 





remains, the finer particles of silt being 
swept away. That part of the bar which 
remains nearly permanent, or subject to 
gradual and progressive changes, is main- 
ly composed of coarse sand, much more 
difficult to move than the ordinary depos- 
its which are formed in the lower portion 
of the river bed. The form of the outer 
edge of the bar is probably modified by 
the strong littoral tidal currents which flow 
back and forth in this part of the sound. 
The effect of the current from the west- 
ward, however, is more marked than that 
from the eastward, as it seems to limit the 
extension of the bar in a southwesterly 
direction by eroding its outer edge. 

From the foregoing, and what has been 
previously said regarding the wave action 
along the beach to the eastward, and the 
action of the tidal currents in forming the 
side channels over the crest of the bar, it 
will be seen that we have the following 
general causes operating to create the bar 
ut Saybrook aud modify its form : 

1. The suspended silt brought down by 
the river in freshets, which deposits upon 
the bar by the decrease of velocity in the 
stream. 

2. The sandand coarse material which 
is swept along the bottom, and rolls out 
upon the bar until it meets the water of 
the sound. 

3. The wave action which carries mater- 
ial along the beach towards Gviswol.i’s 
Point, to be in time ec:rried out upon the 
bar by the river current. 

4. The wave action affecting the outer 
slope of the bar to modify its form and 
drive back the material. 

5. The littoral tidal currents flowing up 
and down the sound, and the current flow- 
ing in and out of the mouth of the river, 
whick erode certain parts of the bar, and 
probably deposit material upon other parts, 
and otherwise shift and assort the materi- 
al brought drown by the river, washing 
away the lighter particles, and thereby 
modify the general form and character uf 
the bar. 

The decrease of velocity in the river 
water named above may be either on ac- 
count of the rising and spreading of the 
fresh water over the substratum of salt 
water, or over the crest of the bar itself; 
although the latter may be considered as a 
consequence of the bar rather than as an 
original cause of its formation. 

At Saybrook there seems to be two 
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classes of causes operating conjointly to 
maintain the bar. One class furnishes the 
material, viz., the suspended silt, the sand 
washed along the bottom, and the materi- 
al carried along the beach to the mouth of 
the river by the wave action. The other 
‘class retains the materials upon the bar, 
viz., the rising of the fresh water over the 
salt, and forming a dead angle, the spread- 
ing out of the water over the bar already 
formed, and consequent checking of the 
velocity, and the wave action upon the 
outer slope of the bar. 

It is not presumed that all of the above 
causes operate upon every bar; one of 
each class, acting together, would un- 
doubtedly create and maintain a bar. 
They are nam: d to show that all bars may 
not be produced by the same causes, nor 
be accounted for by the same general sim- 
e theory. Examples of the formation of 

ars from different causes may be seen in 
the deposits at the mouths of the river 
Wear, at Sunderland, England, and of the 
Dornoch Firth, in the north of Sotland; 
which are almost entirely due to the wave 
action of the sea; and in the vast accumu- 
lations at the mouth of the Mississippi and 


Danube, which are wholly formed of detri- 


tus brought down by those rivers. The 
bar at the mouth of the Wear is shown by 
dredgings to be formed of the same materi- 
al as the adjacent beaches, viz., sharp, 
gritty sand, brickbats, chalk, flint, pebbles, 
and marly rock; materials which could 
not by any possibility have come from the 
river. ‘The bar at the mouth of the Dor- 
noch Firth is fourteen miles to seaward of 
where the fresh water joins the salt, and is 
composed of a sharp sand, while the sma] 
rivers which discharge into the firth bring 
down very little silt, and that is of an aliu- 
vial character. The material of which the 
bar is formed is evidently washed from 
along the shore by the progressive action 
of the waves from the north sea, with its 
inner slope modified by the currents from 
the firth, arid its outer slope by the wave 
actiod throwing it back. The bar at the 
mouth of the Mississippi is, without doubt, 
wholly formed of the sand and mud carried 
by the current along the bottom, and deposi- 
tedin the dead angle between the fresh and 
ralt water, as has been described ; and the 
same may be said of the Danube, except 
that the immense amount of suspended silt 
brought down by that river into the tide- 
less Black Sea has, perhaps, a more impor- 





tant part in the formation of the bar than 
the suspended material of the Mississippi, 


‘which is carried farther out to sea. 


I think the wave action upon the outer 
slope of bars at the outlets of rivers has a 
greater effect in modifying their form than 
is generally supposed. An examination of 
the outer slope of such bars shows an in- 
clination about that assumed by a beach of 
the same materials to a certain depth, 
which is generally that to which the water 
is affected by waves. The slope then makes 
an angle, and becomes much flatter. This 
flatter portion is probably below the influ- 
ence of the waves, and the sediment lies 
where it is deposited. This is seen in the 
form of the Saybrook bar, where there is a 
flat portion at about 12 feet in depth; in 
the Mississippi bar, where it is about 100 
feet in depth, and also in the sections of 
other bars of which surveys have been 
made. The steeper part of the slope just 
over the crest is evidently not formed in 
the same manner as the steep lower side of 
river bars, lying above where they are 
affected by the tide, in which te slope is 
formed by the particles of sand which have 
been rolled to the crest by the current, and 
drop down the lower side by their gravity. 
The slope is too flat for this idea to be en- 
tertained. 

The littoral currents of the ocean also 
tend to modify the form of bar-, as is seen 


in the Connecticut by the erosion of the 


southwestern edge of the bar, avd in the 
form of the channels acro-s the crest. 
These currents also carry off the finer por- 
tions cf the sediment and deposit it in 
other localities. 

About a mile to the southwest of the ex- 
treme point of Saybrook bar, a long sand . 
shoal commences, and stretches westward 
for about six miles, averaging xt the 18 
feet depth about one-quarter of a mile in 
width. The material which firms this 
shoal probably comes from 8 ybrook bar, 
and is carried along by the incoming tidal 
current, while the outgoing tide keeps-the 
channel open between it and the shore. 
The exact method of formation of this 
shoal, however, has not been investigated, 
and it may be due to other causes than 
those named. Its form and «haracter are 
taken from the coast survey charts, and it 
cannot be seen to have any effect upon the 
form of the bar proper, although it is prob- 
ably derived from it. On a count of its 
distance, and the deep water between, it 
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cannot properly be considered a part of the | plated, by taking advantage of the littoral 


bar. 


| currents to maintain the channel; but no 


It is proposed during the coming season description of them will be attempted at 
to commence some permanent works for the present time. It is thought they will 
improving the channel over the Saybrook | be successful, and, if so, they will be de- 
bar. Some new ideas are believed to be scribed at some future time. 
advanced in the improvements contem- | 
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COMMUNICATION. 


By LEONE LEVI, Esq. 


Journal of the ‘ 


The holding of another session of the In- 
ternational Statistical Congress called me 
to St. Petersburg this year. We met on 
former occasions at Brussels, Paris, Lon- 
don, Vienna, Berlin, Florence, and the 
Hague, and everywhere we were received 
by the Government of the country with 
great honor and hearty hospitality. The 
Russian government offered every facility 
for our journey, and I accepted the invita- 
tion to the Congress, and attended it as one 
of the deputies for the Statistical Society. 
As for the choice of route, it practically 
rested between a sea route by Sweden, and 
a land route, either by Koenigsberg and 
Eydkuhnen, or by Berlin and Warsaw. I 
decided to go by the land route via Warsaw, 
and to return by Stockholm, Copenhagen 
and Hamburg, and on Saturday, August 10, 
I, accompanied by my good wife and two 
dear friends; went from London, via Har- 
wich, to Rotterdam—by an excellent boat, 
it may be, but with more on board than 
she was fit to carry with comfort; from 
Rotterdam to Utrecht; thence to Hanover 
and Berlin, and from Berlin by Bromberg 
to Warsaw. Utrecht is a quiet and hand- 


* Society of Arts.” 


|ed purposes. But there is life in Warsaw, 
and there is a good deal of trade and indus- 
try. In 1869 the exports and imports. of 
Poland amounted to about £17,000,000, the 
exports consisting principally of rye, wheat, 
timber, flax, and bristles. The railway has 
rendered Warsaw the best point of transit 
between Austria, Prussia, and Russia. 
From Warsaw our route was due north, 
almost a straight line to St. Petersburg, 
about seven hundred miles in length, ani 
thus we had ample opportunities of seeing 
a considerable portion of Russian territory. 
| But how different from the usual Engiish 
sce ery! For miles and miles scarcely 
anything interesting attracted our notice. 
Before us was an interminable plain, not a 
hill to be seen, not even a valley. Surely 
, nature is capricious in her gifts. Go to It- 
aly, Switzerland, or Scotland, and you find 
| the towering mountain, the precipitous rock, 
the fearful torrent, lind and water defying 
| by their grandeur and sublimity the abi.ity 
of the greatest artist to reproduce by the 
| pencil or the chisel. Go to Russia, and 
_ travelling seems monotonous to a degree ; 
| but do not think that Russia is so uniform- 


some town, Dutch in character, and beauti- ly flat. The Ural mountains, which form a 
fully clean. At Hanover I saw the effects | natural frontier between European and 
of the change of dynasty; and Berlin, since | Asiatic Russia, the Caucacus mountains 
I last visited it, has become an imperial | also separating Europe from Asia, in the 
city, richer than ever in museumsand mon- | the south, the Carpathian mountains in 
uments, but too many, alas! devoted to} Bessarabia, and the hills of Finland, are 
military heroes. | all of considerable height. 

Warsaw, the ancient capital of Poland, I| What we noted on the road was the poor 
was glad to see, though I could not help | aspect of the agriculture, the sandy soil, 
feeling regret for the down-trodden city, | the stunted trees, the rarity of farmhouses, 
where Kosciusko fought with so much | and the almost total absence of sheep. 
valor for the liberty of his country. Yes, | How barren everything looked! For agri- 
there she was, on the banks of the Vistula, | cultural purposes Russia has been divided 
with her palaces turned into barracks, and | into seven dis‘inct regions. The northern 
her monuments diverted from their intend- | region, from the Gulf of Bothnia, to tue 
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northern part of the Oural mountains, in- 
cluding Finland, Archangel, Wologda, and 
Olonetz, have very little of tillage land. 
Tie region of the Alaounes heizhts, or the 
ess which separates the basins of the 

nieper and the Volga, is mostly forest 
land. The tillage land is not very fruitful, 
the meadow land scanty. The Baltic re- 
gion, including Livonia, Courland, and Es- 
thonia, is not very fertile, though some- 
what better cultivated. The lower region, 
including some of the provinces through 
which we passed, has a very poor soil, and 
is principally forest land. ‘The Carpathian 
region, embracing Uckaine and Little Rus- 
sia, is the most fertile part of the empire. 
There is the region of the Steppes, includ- 
ing Bessarabia, Kherson, and Astrakhan— 
a land withont trees, seldom watered by re- 
freshing rain, yet eminent as pasture land. 
The central region, comprising Kostroma, 
Moscow, Nijni, and Wlauimir, is rich in ce- 
reals. And the Oural region, inc!uding all 
the eastern part of European Russia, has a 
soil generally ferti‘e. To show the differ- 
ence between other regions and the one 
over which we passed, while Tula, Kursk, 
Vorones, Tambov, and Kief, have from 60 
to 70 per cent. of tillage land, the provinces 
on our way have at most 4) to 50 per cent. 
If, then, we did not see any rich soil, or any 
well cultivated land, they do nevertheless 
exist in Rus-ia. Does not Russia supply 
u; yearly with large quantities of grain? 
In 1861 only 12 per cent. of our imports of 
grain came from Russia; in 1871, the pro- 
portion was 35 per cent. In 1861 the total 
imports were 37,646,000 ecwt., and from 
R issia 4,540,000 ewt.; in 1871 the total im- 
p rts were 44,362,000, and from Russia, 
15,670,000 ewt. The meadow lands of 
Rassia are principally in Finland and Arch- 
angel in the north, and in the Don Co<sacks 
and Caucisian pruvin’es in the south. In 
these provinces Russia has a large stock of 
some 25,000,000 head of cattle, and 45,000,- 
000 sheep. As for horses, the great contre 
of horse-breeding seems to be at the very 
border uf the Oural mountains. Russia is 
s‘ated to have 18,500,000 horses, when the 
United Kingdom has only 2,600,000. The 
great difficulties which hitherto have hin- 
dered the agricultural progress of Russia 
have been serf labor, want of capital, want 
of inteliigence, bad roads, and great dis- 
tances. Now serfdom, in principle at least, 
is abolished, and the railways are providing 
new means of access to far distant provinces, 





May we not hope that with these, capital 
and intelligence may also find their way 
thither, and that together they may tend 
toward the development of resources far ex- 
ceeding our present expectation? It has 
been calculated that, while Be!gium and 
the Netherlands produce 14 hectolitres of 
corn te every hectare of arable land, and 
Eng'and 13 hectolitres, Russia produces 
only 6 hectolitres, What if, by the means 
indicated, the productiveness of Jand could 
be doubled? With her immense area Rus- 
sia might rep'evish the granaries of Europe 
with the greatest ease. 

But fancy travelling in the interior of 
Russia in sumptuous railway carriagcs— 
how different as compared with the time 
when Richard Chancellor accidentally got 
into the Bay of San N:cho'as, on the White 
Sea, landed near Archangel, then only a 
castle, and travelled on sledges to the Czar 
at Moscow! The fi-st-class railway carriage 
in Russia is really luxurious. It is a sa- 
loon, with all the necessaries, and some of 
the elegancies, of such an apartment. It 
is furnished with looking-glasses, heated by 
porcelain stoves, aud lit by lamps and can- 
dles. Along the sides soft divans are 
ranged, which, by a simple process, are 
turned into beds. But they are in no hur- 
ry in Russia; while here we travel at the 
rate of 30 to 40 mles an hour, there the 
ordinary rate is from 15 to 20 miles an 
hour. From st. Petersburg to Moscow, 430 
miles, we employed 17 hours. ‘The fares in 
the Russian rai:ways are lower, of course, 
than in this country. The average fares on 
the five principal lines are as follows: 
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Moscow to Nijni. 
Riga to Nuna- 




















The division of c'asses in the Russian 
railways is much more distinct than in the 
English railways. ‘The third-class passen- 
gers are mostly peasants, clad in the most 
miserable manner, and many with visages 
almost forbidding. The stations are com- 
modious, and the buffets well-furnished, 
nor are the prices so extravagantly high as 
js of.en represented. On the wiole, Rus- 
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sia is in a fair way of being largely inter- 
sected by railways. On the lst of Septem- 
ber, 1871, there were in Russia 11,138 
versts, eq'ial to 7,351 miles of railway, and 
the capiial employed in them was 918,v00,- 
000 roubles, equal to £122,000,000. In the 
United King.!om the cap.tal so invested in 
1870 was £530,000,000. The number of 
passengers carried in Russia was only 12,- 
000,000, against 330,000,000 in this coun- 
try. Most of the Russian lines have a gov- 
ernment guarantee of from 4} to 5} per 
cent. interest, and the actual dividends paid 
on the shares amounted in 1870 to from 5 
to 74 per cent. Two lines only seem emi- 
nently profitable, viz.: the Moscow-Riazan 
line, which gave 174 per cent., and the 
Koursk-Kiew line, which gave 31} per cent. 
The concession to the companies is general- 
ly for from 70 to 80 years. Very few lines 
now belong to the State. To Russia the 
railways are of the greatest possible advan- 
tage. From Moscow, the central reseau, 
you may now travel east as far as the Our- 
al mountains, north to St. Petersburg, west 
to Koonigsberg, aud Warsaw, and south to 
Odessa, Sevastopoi, and Astrakhan. And 


it is even contemplated eventually to extend 
the railway across the Oural mountains, 


through Siberia, to China. Yet I doubt 
whetter railway property will be profituble 
in Russia for many years to come, whatever 
be the ultimate result. The mass of the 
population in Russia are too poor to travel 
—they are not accustomed to it ; the pass- 
port system interferes with it. There is 
nothing, moreover, to feed the lines wid- 
way, so few are the centres of population 
and traffic. And Russian produce consists 
mostly of grain and other bulky articles, 
which can not stand much freight, and can 
as well be transported by water communi- 
cation. It should be remembered that ex- 
ce.lent means of communication exist in 
Russia in her enormous rivers and lakes. 
The Vistula, at Warsaw, looked beautiful, 
and the Volga, which we passed near Mos- 
cow, 1s more than ten times the length of 
the Thames. There is a canal communica- 
tion, moreover, between St. Petersburg and 
the Caspian Sea, between the Baltic and 
the Black Sea, and between the White Sea 
and the Caspian. Only it is unfortunate 
that all the canals, lakes, and rivers, aye, 
even tie seas of Russia, are closed by the 
ice for about seven months in the year. 
How important, then, to extend the railway 
system into the very heart of the country. 
Vou. XL-~No. 4—2l. 





In winter the railway must of necessity mo- 
nop»lize the whole traffic of the country. 

t was a long way between Warsaw 
and St. Petersburg, requiring at least thirty 
hours of constant journeying, so we deter- 
mined to rest at Wilna, the chief town of 
the ancient Duchy of Lithuania; but how 
poor did she seem to be! Wilna is well 
situated in the hollow at the foot of several 
hills, and contains many objects of interest; 
but, as a rule, the towns and villages of 
Russia are poor and badly built. The 
houses are mostly of wood; the streets 
wretchedly paved. In many c:ses, more- 
over, the towns are not the spontaneous re- 
sult of trade and industry, but the capri- 
cious plantations of administrators or muili- 
tary officers. The only towns of any im- 
portance in Russia are St. Petersburg, Mos- 
cow, Warsaw, Odessa, and Riga. In 1867 
the entire population of the Russian Empire 
was not less than 82,000,0UU, and of this 
probably less than 5,000,000 was urban 
population. But why should St. Peters- 
burg be the capital of Russia? Some cit- 
ies have become capitals from the fact that 
the sovereign from time immemor.al re- 
sided in them. Some owe their position to 
their favorable situa‘ion, aud some to the 
fact of their containing the largest num- 
ber of persons. St. Petersburg can ciaim 
neither uf these titles. She is at the very 
extremity of the empire; she has none 
of the prestige which Moscow posses- 
ses, and she has but a small proportion 
of the population of the kingdom. While 
Londoa has about 100 persons to every 
1,000 of the population of the kingdom; 
Lisbon, 61; Cop. nhagen, 59; Athens, 55; 
Dresden, 55; Paris, 45; Berlin, 27; Con- 
stantinople, 22; V.enna, 14; St. Petersburg 
has only 7 to the 1,000. St. Petersburg is 
the cxpital of Russia simply because leter 
tue Great willed it; but a force greater than 
that of the emperor points to Moscow as the 
natural centre. But St. Petersburg is 
doubtless a beautiful city. As we entered 
the station in St. Petersburg au officer from 
the Congress communicated to us that the 
municipality offered to us its hospitality ; 
that hotels had been provided for the con- 
venience of members, and carriages placed 
at our disposal, so we drove at onve to the 
Hotel Bellevue, on the Newski Prospect. 
And what a sight was before us in that 
street, more than three miles in length, full 
of bustle and animation. As acity St. Pe- 
tersburg stands in favorable comparison 
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with Berlin for life and cheerfulness. The 
magnificent Neva, which winds through the 
town, is infinitely superior to old Father 
Thames, though no forest of masts meet 
you at any of the quays. A pure sky and 
a dry atmosphere are preferable to our 
everlasting damp and fog. The low drows- 
kies, with Ivan ever at hand, carry you 
over the otherwise tumble-down pavement 
with the greatest celerity. Something out 
of the common-place civilization of Paris 
and London meets you at every corner. 

It was the 21st of August when we ar- 
rived at St. Petersburg, where we found the 
temperature warm and genial. The ther- 
mometer was from 65 to 70 in the shade, 
and otherwise the climate was clear and 
dry; yet now and then we felt extremely 
cold ; and I understand that, owing to such 
variations, the climate is very trying to 
health. Hence the general habit of wear- 
ing long heavy coats and closed up dresses 
at all times ; hence the hermetically shut up 
windows and doors in the warmest days. 
But I have not seen St. Petersburg in win- 
ter, when the Neva is frozen, when snow 
and ice take possession of her streets for 
months together, when the drowsky is re- 
placed by the sledge; when the fur cloth- 
ing, the fur collar and sable hat, constitutes 
the costume of ladies and gentlemen. The 
temperature in Russia is regulated more by 
the longitude than by the latitude. The 
more eastward we go the greater is the dif- 
ference between the temperature of summer 
and winter. 

In matters of food and drink we had lit- 
tle difficulty. Our first care was to eschew 
altogether the water of the Neva, which, 
containing a certain quantity of magnesia, 
generally proves relaxing, especially to 
strangers. But, otherwise, no better food 
could be had than was supplied to us at the 

rincipal hotels. Our rouble dinner at the 

ellevue was superior to any three-shilling 
dinner in London, and the wine was excel- 
lent. Ata dinner at Moscow we had dif- 
ferent descriptions of Russian wines, prin- 
cipally from the Crimea, and they were 
much appreciated. Mr. Beckwith, in his 
excellent report on fermented drinks at the 
Paris exhibition, said that the white wines 
of the Crimea are clear and dry, with a 
slight musceatel flavor and good body; and 
the red resembles very old port, bereft, how- 
ever, of its strength. In Mr. Beckwith’s 
opinion these wines are very suitable to our 

imate. M. Tegobonski gave the produc- 





tion of wine at about 42,000,000 gallons, of 
which 8,000,000 come from the province of 
Stravropol, 8,000,000 in Bessarabia, 22,- 
000,000 gallons in the Trans-Caucasian 
provinces, and the rest in the Crimea, the 
Cossacks, Khenan, Podolia, and Astrakhan. 
In Russia, Germany, and other northern 
countries, the people generally eat black 
rye bread—very uninviting, but remember 
that, with the dryness of the climate, a por- 
tion of black bread, and other elements 
containing vegetable acids, are absolutely 
necessary to prevent scrofula, more espec- 
ially among young people. 

But we must regard Russia this evening 
from an industrial and not from an esthetic 
aspect, and in so doing we must guard our- 
selves from considering the industries of 
Russia as limited entirely to the urban pop- 
ulation. On the contrary, there are villages 
in Russia in which all the peasants are 
weavers, tanners, shoemakers, locksmiths, 
cutlers, &c. In Russia the peasant works 
for the manufacturer without quitting the 
village, and carries on himself the chief 
part of the commerce of the interior. I 
was informed that there is no peasantry 
more hard working than the Russian pease 
antry, and that the women are constantly 
employed not only in housebold duties, but 
in agricultural work, in weaving, bleaching, 
and many things which in England are 
done by machinery in factories and in man- 
ufacturing towns. Primarily, no doubt, 
Russia in an agricultural and not a manu- 
facturing country. But, after all, agricul- 
ture is the greatest source of wealth to any 
country. Eng!and is by far the most indus- 
trious and the most mercantile country in 
the world. She supplies the whole world 
with her manufactures. She has the larg- 
est mercantile marine. Her power rests on 
her commerce and industry. Yet, with all 
this, the results of the income-tax show 
that the income of all her industry is only 
about equal to her income from her agri- 
culture and real property. Still greater is 
the supremacy of agriculture in Russia. 
In truth, Russia is wanting in some of the 
principal conditions for industrial prosper- 
ity. 

Look at the map of Russia. She has no 
sea-coast of any importance. On the far east 
there are the vast plains of Siberia. On the 
west she has Eastern Prussia, quite as de- 
serted and agricultural as Russia herself. 
On the north she has the glacial Pole; on 
the south none but semi-barbarous states. 
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Add to this a population almost entirely 
composed of peasants; no coals in any 
quantity, or, at any rate, scarcely worked 
at all; very little capital; and every agent 
of manufacture extremely dear. What 
chance can Russia have in commerce and 
industry in competition with these sea-girt 
isles, or with well-favored France or Italy? 
A mill in Russia costs double that of a mill 
in England. Bricks are dearer and double 
the quantity is used to render the building 
substantial; mortar costs double, and so 
does all machinery. Consequently, but lit- 
tle factory labor is introduced into Russia. 
What there is, moreover, is to a large extent 
under the direction of Englishmen, Ger- 
mans, Alsatians and other foreigners. Brit- 
ish directors and overseers manage the best 
factories. In the south of Russia it is the 
same. Vice-Consul Stevens, of Nicolaieff, 
reported that the chief ganger at the 
granite quarries at Alexandrovka is 
an Englishman; the director of the ex- 
tensive Tchemornski sugar factory in 


Pattawa is the same; so are the super- 
intending engineer of the Russian Steam 
Navigation Company at Odessa and his as- 
sistant ; and the company’s chief engineer in 
the Don mines; the one at Sevastopol; 


their boiler-master, their master-painter, 
and the heads of other departments are al- 
so Englishmen. The English, the French, 
the Germans, and the Greeks have a large 
share in the direction of Russian trade and 
industry. The Russian mind wants in pow- 
er and in originality. It is better able to 
execute, than to direct—to imitate, rather 
than to lead. I visited a cotton printing 
factory in Moscow directed by an Alsatian, 
and I found that the lsborers were R issian 
peasants who come from the country when 
agricultural labor is impracticable, to re- 
cruit the earnings of the family. Such 
peasants are usually hired in gangs, the 
head of which assumes the management of 
the expenditure of the whole number. 
They live, I need not say, at very small 
cost, and at any time labor ceases in towns, 
they return to the country. There are not 
in Russia as in this country, millions of 
mechanics, spinners, or miners depending 
for their livelihood on the buoyancy of trade 
and manufacture. There is rather an in- 
termingling of agricultural and industrial 
labor, and consequently an utter absence of 
the artisan class, the precarious existence of 
which we have so often to lament in this 
country. i 





But let us enter into some details. The 
first article of industry which naturally in- 
terests this country is cotton. Cotton is not 
produced in Russia, and her imports of 
1867 consisted of about 2,600,000 poods, or 
about 100,000,000lbs. of raw cotton, and 
150,000 poods of cotton yarn. Mr. Lum- 
ley, in his report of the trade and manufac- 
ture of cotton in Russia, gave the num- 
ber of cotton spinning and calico weay- 
ing manufactories in the government of St. 
Petersburg in 1862, at 95, with 1,691,224 
spindles, 16,141 power looms, and 8,040 
horse power; and Mr. Michel, in his valu- 
able report on the Russian tariff, told us 
that the whole quantity of cotton yarn man- 
ufactured in Russia is used as follows :— 
1,400,000 poods for printed calico, 200,000 
poods for nankeen, red fustian, and Turkey 
red goods ; 100,000 poods for plush, andthe 
remaining 500,000 poods for various other 
cotton and half-cotton fabrics. Russian 
spinneries supply the weaving mills with 
yarn of low and medium quality; foreign 
yarn is alone employed for cotton tissue of 
superior description, such as fine calico, jac- 
conet and muslin. The manufacture of the 
common kinds of cotton fabrics, namely, 
calico, nankeen, red fustian, and handker- 
chiefs, intended chiefly for dyeing and print- 
ing, forms a branch of peasant industry, 
supported by the capital of manufacturers 
in towns and particularly by that of the 
owners of print-works. The consumption 
of cotton goods in Russia must be large. 
Supposing 60,000,000 peasants to consume 
10 archines, or about 8 yards each, that 
would give about 480,000,000 yards. Add 
to this the consumption of 5,000,000 urban 
population at 20 archines each, or 15 yards 
each, 75,000,000 yards more, and we have a 
total of upwards of 550,000,000 yards. Yet, 
in the face of all this, all our exports of cot- 
ton to Russia in 1871 consisted only of 
3,477 Ibs. yarn, and 140,000 yards of goods 
of mixed materials in which cotton predom- 
inated. Why do we not supply Russia 
more largely with our staple manufacture ? 
Partly in consequence of a very high tariff, 
and partly also from want of adaptation of 
British goods to the tastes and habits of the 
many races and nationalities residing in 
Russia. The tariff was somewhat reduced 
in 1868, the duties on cotton yarn from 16 
to 20 per cent., and the duties on cotton 
manufactures from 22 to 27 per cent.; but 
still the present duties on the latter, of from 
£5 10s. to £23 12s. 11d. per ewt., must be 
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considered as practically prohibitive. I 
shall not weary you with any description of 
the condition of other industries—-of woollen, 
flax (on which I wished to make mention of 
Dr. Collier’s new treatment), of leather, tal- 
low, and metals—because, in reality, they 
are more or less governed by the same gen- 
eral circumstances. 

Mr. Michel gives the following summary 
of Russian manufacturing indusiry :— 





No. of 
works and 
| mnf’tories 


Value of 
production in 
roubles. 


Nature Number 
of 
workmen. 


69,347 


of 
industry. 





Chemicals. ...... 6,136 


302,314 

















Distillation of 27,000,000 vedros of pure spirits, equal 
to about 73,000,000 gallons. 
Beer and mead brewed, 7,900,000 vedros, equal to about 
y gallons. 
Beet-root sugar produced, 3,300,000 poods. 
Tobacco manufactured, 594,000 poods. 
Iron raised, 15,781,0U0 poods. 

One important element should not be 
omitted in any review of Russian industry. 
It is the possibility that ere long considera- 
ble quantities of coal may be obtained in 
different parts of the country. In the Don 
district the increase has been remarkable : 

In 1820 there were produced, 350 

1840 “ ws - 800,000 
1847 “ . . 2,860,000 
1863 “ - ” 6,350,000 

The Moscow Exhibition gave evidence of 
the existence of coal in considerable quan- 
tity. 

For the commerce of Russia St. Peters- 
burg is by far the most important outpost, 
though Moscow is the centre of Russian in- 
dustry. In both places there is evidence 
that the general movement of trade is ex- 
tending rapidly. In 1859 the entire value 
of imports and exports amounted to 329,- 
000,000 roubles. 1869 it reached 592,- 
000,000 roubles. Among the exports, 

ain, hemp, and flax are by far the most 
important. Among the imports, cotton and 
metals stand foremost. An imporiant 
change is observable in the foreign com- 
merce of Russia, in consequence of the ex- 





* Equal to about 230,000,000, 





tension of railways. In 1859 the foreign 
exports by sea amounted to 130,000,000 
roubles, and by land, to 22,000,000 roubles, 
or about 16 per cent. In 1869 the exports 
by sea amounted to 190,000,000, and by 
land 95,000,000, or 50 per cent. While 
bulky goods are sent by sea, lighter goods 
penetrate by land, chiefly from Prussia and 
through the Prussian frontier. It should 
be noted here that, while the commerce of 
Russia with European States has largely in- 
creased, her commerce with Asia has actu- 
ally decreased of late. The Asiatic portion 
of the Russian trade is small as compared 
with the European, and yet considerable in- 
terest attaches to it, first on account of the 
primitive manner in which it is still conduct- 
ed, and secondly, in consequence of 
the intimate relation which exists 
between the extension of trade and the 
constant enlargement of the Russian em- 
pire. By incorporating Turkestan, Russia 
has come very near British India, and now 
she has commercial treaties with the Khan 
of Khokand and the Ameer of Bokhara and 
Dschiti Tchar. But what does it matter by 
what influence it is brought about, provided 
these States are rendered accessible to trade 
and civilization ? 

Being in a certain sense the guests of the 
Emperor of all the Russias and of his au- 
gust government, we were honored with nu- 
merous invitations to receptions and excur- 
sions. One day we went to Cronstadt and 
Peterhoff. Another day we had a sail 
round the islands, and were entertained in 
one of the palaces of the Princess Helena, 
which at night was beautifully illuminated. 
What we most appreciated in these recep- 
tions was not so much the sumptuousness of 
the entertainments, as the consideration 
shown in making us what the English think 
they alone understand, but what other na- 
tions know quite as well—I mean “com- 
fortable.” To put us at ease—to anticipate 
our wants—to endeavor to speak our Jan- 
guage—to put every individual and every 
thing in the right place, that is the pertec- 
tion of hospitality. 

The grandest excursion of all, however, 
was to Moscow, whose municipality was as 
courteous as that of St. Petersburg in sup- 
plying members of Congress with hotel ac- 
commodation and carriages during their 
stay in the city. At first sight Moscow is 
by no meansattractive. It seems an old city, 
badly paved, and with irregular buildings. 
But from such a height as the Sparrow 
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hill—the very ground whence Napoleon ob- 
tained his first glance of Moscow—the sight 
of the golden minarets and starry domes be- 
fore you is quite unique and startling. Ac- 
cording to arrangement, we visited the Poly- 
technic Exhibition at Moscow, an excellent 
one of its kind. I was not able to inspect it 
with any care or minuteness, especially as we 
visited the exhibition in great numbers, but 
it was apparent, first that Russian industry 
is by no means in such a backward state as 
is generally supposed; and, second, that 
British industry was most imperfectly 
represented. The exhibition—consisting of 
a number of pavilions alongside the gar- 
den of the Kremlin—did not seem to have 
much unity, while it was altogether desti- 
tute of a general coup-d’ wil ; yet it posses- 
sed many objects of great interest and at- 
traction, and day by day we saw it visited 
by large numbers of people. 

At Moscow, as well as at St. Petersburg, 
but more especially in the latter place, I 
found British merchants of the highest re- 
spectability, numbering in all probably 
some 3,000, the living representatives, I | 
suppose, of the Russia Company with its | 
agency at St. Petersburg, under the title of | 
the British factory, founded by charter of | 
Philip and Mary, about 300 yearsago. The 
original charter confirmed by Act of Par- 
liament granted that, “ All the main lands, | 
isles, ports, havens, creeks, and rivers of the | 
mighty Emperor of all Russia and Great 
Duke of Musky, &c., and all and singular 
other lands dominions, territories, isles, 
ports, havens, creeks, rivers, arms of the 
sea, and all and every other prince, ruler, 
or governor whatsoever, be or they be before 
the said late adventure or enterprise not 
known, or by the foresaid merchants and 
subjects of the said King and Queen by the 
seas not commonly frequented, nor any 
part or parce! thereof, and lying northward, 
northeastward, or northwestward, or in the 
said letters patent is mentioned, should not 
be visited, frequented, nor haunted by any 
of the subjects of the late King and Queen 
other than of the said company and fellow- 
ship and their successors, without express 
license, agreement, and consent of the gov- 
ernors, consuls, assistants of the said fellow- 
ships and commonalty.” That no such 
permission is now required to trade in Rus- 
sia is well known, yet, singular to say, 
charges are still made by the Russia factory 
on British shipping using the port of St. 
Petersburg or Cronstadt, being first a 








charge of 34d. per ton for the maintenance 
of the British Episcopal Establishment at 
that place and in aid of the poor’s fund, and, 
second, a charge under the head of Compa- 
ny’s Agent, which amounts to 1,\d. per ton. 
A few years ago some effort was made by 
the Hull Chamber of Commerce to procure 
the abolition of these charges, when it ap- 
peared that the tonnage duty, denominated 
church money, amounted, on an average, 
to only £2,200 per annum, and the agent’s 
only to £956. But the charge, though 
light, is not lesscondemnable. The British 
factory has, in reality, long ceased to exist 
or to be needful; and I imagine that the 
British merchants in St. Petersburg, or such 
of them as are Episcopalians, should them- 
selves pay for the church, and that the 


| British government should pay for the 


agency, without taxing trade and shipping 
for such purposes. Generally, I need scarcely 
say, English merchants in Russia are as 
safe and protected as if they were in Eng- 
land. It should be remembered that the 
government of Russia now is not the arbi- 
trary government that it was in former 
days. True, the Ozar is autocrat absolute, 
but he does not act alone, and far less ca- 
priciously. He has a council of responsible 
ministers; he his a House of Lords, of his 
own creation, doubtless, but yet able and 
willing to render him advice; he has a 
holy synod, and he has governors in every 
province, able to feel the pulse of public 
opinion, and with full power to meet the ex- 
igencies of the moment. And do not think 
that public opinion does not find itself vent 
in Russia. There are newspapers in Russia, 
though much under the power of the State. 
The silent protest under wrongs, the mur- 
murs of the oppressed, the aspirations of 
the enlightened, can not be smothered even 
in Russia. But in truth Russia is tranquil 
at this moment, and the Emperor has the 
heart of the people with him. Nowhere did 
I see any parade of military force, as we 
are wont to see in turbulent Paris or in 
imperial Berlin. As for the people, it is, I 
fear, as yet in alow condition. The mass 
of the peasantry recently emancipated has 
scarcely risen from the position of serfdom. 
The industrial classes are ill-paid, ill-fed, 
and in the depth pf ignorance. The middle 
classes scarcely exist in Russia. The no- 
bles do not exercise much wholesome influ- 
ence. The priests hold an inferior position 
to what we are accustomed to in this coun- 
try. Something is, however, done for the 
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education of the people. There are nine 
universities, three lyceums, 23,000 schools, 
and nearly 1,000,000 students in the public 
schools in Russia. The freedom of serfdom 
is a most significant fact, the fruit of which 
will one day appear. What may be the 
future of the Russian people, when free and 
educated, we cannot say. Meanwhile, trade 
is ivereasing, the country is progressing, 
and the railway opens up the country in a 
wonderful manner. As far as I can see, I 
venture to say the Russia of the future will 
be far different in power and enlightenment, 
in commerce and industry, from the Russia 
of the past. 

Ere I close, permit me to express my own 
sense and the sense of every foreign mem- 
ber of the International Statistical Congress, 
of the kindness shown us by the Russian 
government on the occasion of our visit to 
Russia. Would that England received in 





like manner men of science from other 
countries when they come toher soil. It 
would be well if her example were more 
conspicuous for a liberal expenditure than 
for a niggard economy in all matters which 
concern the promotion of science and art. 
Would that the same coéperation on the 
art of the officers of State could be secured 
or the meeting of scientific congresses in 
London as is so readily obtained in other 
countries. Perhaps it may not be in vain 
that her messengers to Russia, to Italy, to 
Holland, and to every state where the In- 
ternational Statistical Congress has been 
held, are able to report that a reception the 
most courteous, the most hospitable, the 
most considerate, is everywhere accorded to 
men of science when they meet together 
for the elucidation of great questions, 
either of social economy or of scientific im- 
portance. 
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There are about sixty bodies which chem- 
ists call elements; the simplest forms of 
matter which they have been able to ex- 
tract from the rocky crust of our earth, its 


waters and its atmosphere. These substan- . 


ces are distributed in very unequal quanti- 
ties, and in very different manners. 4s re- 
gards the frequency of these elements in 
nature, neglecting for the present those 
which constitute air and water, and confin- 
ing ourselves to the solid matters of the 
earth’s crust, there are a few which are ex- 
ceedingly abundant, making up nine-tenths 
if not ninety-five hundredths, of the rocks so 
far as known to us. The elements of which 
silica, alumina, lime, magnesia, potash and 
soda are oxides, are very common, and oc- 
cur almost everywhere. There are others 
which are much rarer, being found in com- 
paratively small quantities. Many of these 
rarer elements, are, however, of great im- 
portance in the economy of nature. Such 
are the common metals and other substan- 
ces used in the arts, which occur in nature 
in quantities relatively very minute, but 
which have been collected by various agen- 
cies, and thus made available for the wauts 
of man. It is chiefly of the well-known 
metals, iron, copper, silver and gold, that I 





propose to speak to-night; but there are 
two other elements not classed among the 
metals, which I shall notice for the reason 
that their history is extremely important, 
and will, moreover, enable us to compre- 
hend more clearly some points in that of 


the metals themselves. I speak of phos- 
phorus and iodine. 

You all know the essential ‘part which 
the former of these, combined as phosphate 
of lime, plays in the animal economy, in 
the furmation of bones; and how plants 
require for their proper growth and devel- 
opment a certain amount of phosphorus. 
Ordinary soils contain only a few thous- 
andths of this element, yet there are agen- 
cies at work in nature which gather this 
diffused phosphorus together in beds of 
mineral phosphates and in veins of crystal- 
line apatite, which are now sought to en- 
rich impoverished soils. Iodine, an ele- 
ment of great value in medicine and in the 
art of photography, is widely distributed, 
but still rarer than phosphorus, yet it 
abounds in certain mineral waters, and is, 
moreover, accumulated in marine plants. 
These extract it from the waters of the sea, 
where iodine exists in such minute quanti- 
ties as almost to elude our chemical tests. 
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There are probably no perfect separa- 
tions in nature. We cannot, without great 
precautions, get any chemical element in a 
state of absolute purity, and we have rea- 
son to believe that even the rarest elements 
are everywhere diffused in infinitesimal 
quantities. The spectroscope, which we 
have lately learned to apply to the investi- 
gation alike of the chemistry of our own 
earth and that of other worlds once sup- 
posed to be beyond the chemist’s ken, not 
only demonstrates the very wide diffusion 
of various chemical elements here on earth, 
but shows us that very many of them exist 
in the sun. If we accept, as most of us are 
inclined to do, the nebular hypothesis, and 
admit that our earth was once, like the sun 
of to-day, an intensely heated vaporous 
mass ; that it is, in fact, a cooled and con- 
densed portion of that once great nebula of 
which the sun is also a part, we might ex- 

ct to find all the elements now discovered 
in the sun distributed throughout this con- 
solidated globe. We may speculate about 
the condensation of some of these before 
others, and their consequent accumulation 
in the inner parts of the earth, but the fact 
that we have all the elements of the solar 
envelope (together with many more) in the 
exterior portions of our planet, shows that 
there was, at least, but a very partial con- 
centration and separation of these elements 
during the period of cooling and condensa- 
tion. The superficial crust of the earth, 
from which all the rocks and minerals 
which we know have been generated, must 
have contained, diffused through it, from 
the earliest time, all the elements which 
we now meet with in our study of the earth, 
whether still diffused, or accumulated, as 
we often find the rarer elements, in partic- 
ular veins or beds. 

The question now before us is, how have 
these elements thus been brought together, 
and why is it that they are not all still 
widely and universally diffused? Why are 
the compounds of iron in beds by them- 
selves, copper, silver and gold gathered to- 
gether in veins, and iodine concentrated in 
a few ores and certain mineral waters ? 
That we may the better discern the direc- 
tion in which we are to look for the solu- 
tion of this problem, let us premise that all 
of these elements, in some of their combi- 
nations, are more or less soluble in water. 
There are, in fact, no such things in nature 
as absolutely. insoluble bodies, but all, un- 
der certain conditions, are capable of being 





taken up by water, and again deposited 
from it. The alchemists sought in vain for 
a universal solvent, but we now know that 
water, aided in some cases by heat, pres- 
sure, and the presence of certain widely 
distributed substances, such as carbonic 
acid and alkaline carbonates and sulphides, 
will dissolve the most insoluble bodies; so 
that it may after all be looked upon as the 
long-sought-for alkahest or universal mens- 
trum. 

Let us now compare the waters of rivers, 
seas, and subterranean springs, thus im- 
pregnated with various chemical elements, 
with the blood which circulates through 
our own bodies. The analysis of the 
blood shows it to contain albuminoids which 
go to form muscle, fat for the adipose tis- 
sues, phosphate of lime for the bones, flu- 
orides for the enamel of the teeth, sulphur, 
which enters largely into the composition 
of the hair and nails, soda, which accumu- 
lates in the bile, and potash, which abounds 
in the flesh-fluid. All of these are dissolved 
in the blood, and the great problem for the 
chemical physiologist is to determine how 
the living organism gathers them from this 
complex fluid, depositing them here and 
there, and giving to each part its proper 
material. This selection is generally as- 
cribed to a certain vital force, peculiar to 
the living body. I shall not here discuss 
the vexed question of the nature of the 
force which determines the assimilation 
from the blood of these various matters for 
the needs of the animal organism, further 
than to say that modern investigations tend 
to show that it is only a subtler kind of 
chemistry, and that the study of the nature 
and relation of colloids and crystalloids, 
and of the phenomena of chemical diffusion, 
promises to subordinate all these obscure 
physiological processes to chemical and 
physical laws. 

Let us now see how far the comparison 
which we have made between the earth and 
an animal organism will help us to under- 
stand the problem of the distribution of 
minerals in nature; how fur water, the uni- 
versal solvent. acting in accordance with 
known chemical and physical laws, will 
cause the separation of the mixed elements 
of the earth’s crust, and their accumulation 
in veins and beds in the rocks. The sub- 
ject is one of great importance to the geolo- 
gist, who has to consider the genesis of the 
various rocks and ore-deposits, and the re- 
lations, which we are only beginning to un- 
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der:tand, between certain metels and par- 
ticular rocks, and between certa‘n classes of 
ores and peculiar mineralogical and geolo- 
gical conditions. Itis at the same time a 
vast one, and I can to-night only give you 
a few illustrations of the chemistry of the 
earth’s crust, and of the laws of the terres- 
trial circulation, which I have compared to 
that of the blood distributing throughout 
the animal] frame the elements necessary for 
its growth. The analogy is not altogether 
new, since a great French geologist, Elie 
de Beaumont, has already spoken of a ter- 
restrial circulation in regard to certain ele- 
ments in the earth’s crust; though he has 
not, so far as I am aware, carried it out to 
the extent which I propose to-night in my 
attempt to explain some of the laws which 
have presided over the distribution of met- 
als in the earth. 

The chemist in his laboratory takes ad- 
vantage of changes of temperature, and of 
the action of various solvents and precipi- 
tants, to separate, in the humid way, one 
element from another; but to these agen- 
cies, in the economy of nature, are added 
others which we have not yet succeeded in 
imitating, and which are exerted only in 

owing animals and plants. I repeat it, 
i do not wish to say that these latter pro- 
cesses are different in kind from those 
which we command in our laboratories, but 
rather that these organisms control a far 
finer and more delicate chemical and physi- 
cal apparatus than we have yet invented. 
Plants have the power of selecting from 
the media in which they live the elements 
necessary for their support. The growing 
oak and the grass alike assimilate from the 
air and water the carbon, hydrogen, nitro- 
gen, and oxygen which build up their tis- 
sues, and at the same time take from the 
soil a portion of phosphorous, which, though 
minute, is in both cases essential to the 
vegetable growth. The acorn of the oak 
and grass alike become the food of animals, 
and the gathered phosphates pass into their 
bones, which are nearly pure phosphate of 
lime. In like manner the phosphates from 
organic waste and decay find their way to 
the sea, and through the agency of marine 
vegetation become at list the bony skele- 
tons of fishes. These are, in turn, the prey 
of carnivorous birds, whose exuvise form 
on tropical islands beds of phosphatic gu- 
ano. A history not dissim lar will explain 
the origin of beds of coprolites and other 
deposits of mineral phosphates. 





But again, these plants or these animals 
may perish in the sea and be buried in its 
ooze. The phosphates which they have 
gathered are not lost, but become fixed in 
an insoluble form in the clayey matter; and 
when in the revolutions of ages, these 
sea-muds, hardened to rock, become dry 
land, and crumble again to soi], the phos- 
phates are there found ready for the 
wants of vegetation. 

Most of what I have said of phosphates 
applies equally to the salts of potash, 
which are not less necessary to the grow- 
ing plant. From the operation of these 
laws it results that neither of these ele- 
ments is found in large quantities in the 
ocean. This great receptacle of the 
drainage from the land contains still 
smaller quantities of iodine; in fact, the 
traces of this element present in sea-wa- 
ter can scarcely be detected by our most 
delicate tests. Yet marine plants have 
the power of separating this iodine, and 
accumulating it in their tissues, so that 
the ashes of these plants are not only rich 
in phosphates and in potash-salts, but 
contain so much iodine that our supplies 
of this precious element are almost wholly 
derived from this source, and that the 
gathering and burning of sea-weed for 
the extraction of iodine is in some re- 
gions an important industry. When this 
marine. vegetation decays, the iodine 
which it contains, appears, like the pot- 
ash and phosphates, to pass into combi- 
nations with metals, earths, or earthy 
phosphates, which retain it in an insolu- 
ble state, and in certain cases yield it to 
percolating saline solutions, which thus 
give rise to springs rich in iodine. 

In all of these processes, the action of 
organic life is direct and assimilative, but 
there are others in which its agency, al- 
though indirect, is not lessimportant. I 
can hardly conceive of an accumulation 
of iron, copper, lead, silver, or gold, in 
the production of which animal or vege- 
table life has not either directly or indi- 
rectly been necessary, an? I shall begin 
to explain my meaning by the case of iron. 
This, you are aware, is one of the most 
widely diffused elements in nature; all 
soils, all plunts contains it; and it isa 
necessary element in our blood. Clays 
and loams contain, however, at best, two 
or three hundredths of the metal, but so 
mixed with other matters that we could 
never make it available for the wants of 
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this iron age of ours. How does it hap- 

n that we also find it gathered together 
in great beds of ore, which furnish an 
abundant supply of the metal? The 
chemist knows that the iron, as diffused 
in the rocks, exists chiefly in combination 
with oxygen, with which it forms two 
principal compounds; the first, or pro- 
toxide, which is readily soluble in water 
impregnated with carbonic acid or other 
feeble acids, and the second, or peroxide, 
which is insoluble in the same liquids. I 
do not here speak of the magnetic oxide, 
which may be looked upon as a compound 
of the other two, neutral and indifferent 
to the most natural chemical agencies. 
The combinations of the first oxide are 
either colorless or bluish or greenish in 
tint, while the peroxide is reddish-brown, 
and is the substance known as iron-rust. 
Ordinary brick-clays are bluish in color, 
and contain combined iron in the state of 
protoxide, but when burned in a kiln they 
become reddish, because this oxide ab- 
sorbs from the air a further proportion of 
oxygen, and is converted into peroxide. 
But there are clays which are white when 
burned, and are much prized for this 
reason. Many of these were once ferru- 
. ginous clays, which have lost their iron 
by a process everywhere going on around 
us. If wedig a ditch in a moist soil 
which is covered with turf or with decay- 
ing vegetation, we may observe that the 
stagnant water which collects at the bot- 
tom soon becomes coated with a shining, 
iridescent scum, which looks somewhat 
like oil, but is really a compound of per- 
oxide of iron. The water as it oozes from 
the soil is colorless, but has an inky taste 
from dissolved protoxide of iron. When 
exposed to the air, however, this absorbs 
oxygen, and peroxide is formed, which is 
no longer soluble, but separates as a film 
on the surface of the water, and finally 
sinks to the bottom as a reddish ochre, 
or, under somewhat different conditions, 
becomes aggregated as a massive iron 
ore. A process identical in kind with 
this has been at work at the earth’s sur- 
face ever since there were decaying or- 
ganic matters, dissolving the iron from 
the porous rocks, clays, and sands, and 
gathering it together in beds of iron ore 
or iron ochre. Itis not necessary that 
these rocks and soils should contain the 
iron in the state of protoxide, since these 
organic products (which are themselves 





dissolved in the water) are able to remove 
a portion of the oxygen from the insolu- 
ble peroxide, and convert it into the sol- 
uble protoxide of iron, being themselves 
in part oxidized and converted into car- 
bonie acid in the process. 

We find in rock formations of very dif- 
ferent ages beds of sediments which have 
been deprived of iron by organic agen- 
cies, and near them will generally be 
found the accumulated iron. Go into 
any coal region, and you will see evi- 
dences that this process was at work when 
the coal-beds were forming. The soil in 
which the coal-plants grew has been de- 
prived of its iron, and when burned turns 
white, as do most of the slaty beds from 
the coal-rocks. It is this ancient soil 
which constitutes the so-called fire-clays, 
prized for making fire-bricks, which, from 
the absence of both iron and alkalies, are 
very infusible. Interstratified with these 
we often find, in the form of ironstone, 
the separated metal; and thus from the 
same series of rocks may be obtained the 
fuel, the ore, and the fire-clay. 

From what I have said it will be under- 
stood that great deposits of iron ore gen- 
erally occur in the shape of beds; although 
waters holding the compounds of iron in 
solution have, in some cases, deposited 
them in fissures or openings in the rocks, 
thus forming true veins of ore, of which 
we shall speak further on. I wish now 
to insist upon the property which dead 
and decaying organic matters possess of 
reducing to protoxide, and rendering 
soluble, the insoluble peroxide of iron 
diffused through the rocks; and recipro- 
cally the power which this peroxide has 
of oxidizing and consuming these same 
organic matters, which are thereby final- 
ly converted into carbonic acid and 
water. This last action, let me say in 
passing, is illustrated by the destructive 
action of rusting iron fastenings on moist 
wood, and the effect of iron-stains in im- 
pairing the strength of linen fibre. 

We see in the coal formation that the 
vegetable matter necessary for the pro- 
duction of the iron-ore beds was not want- 
ing; but the question has been asked me, 
where are the evidences of the organic 
material which was required to produce 
the vast beds of iron ore found in the an- 
cient crystalline rocks? I answer, that 
the organic matter was, in most cases, en- 
tirely consumed in producing these great 
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results; and that it was the large propor- 
tion of iron diffused in the soils and 
waters of those early times, which not 
only rendered possible the accumulation 
of such great beds of ore, but oxidized 
and destroyed the organic matters which 
in later ages appear in coals,lignites, pyro- 
schists, and bitumens. Some of the éar- 
bon of these early times is, however, still 
preserved in the form of graphite, and it 
would be possible to calculate how much 
carbonaceous material was consumed in 
the formation of the great iron-ore beds 
of the older rocks, and to determine of 
how much coal or lignite they are the 
equivalents. 

in the course of ages, however, as a 
large proportion of the once diffused iron- 
oxide has become segregated in the form 
of beds of ore, and thus removed from 
the terrestrial circulation, the conditions 
have grown more favorable for the preser- 
vation of the carbonaceous products of 
vegetable life. The crystalline magnetic 
and specular oxides, which constitute a 
large proportion of the ores of this metal, 
are almost or altogether indifferent to 
the action of organic matter. When, 
however, these ores are reduced in our 
furnaces, and the resulting metal is ex- 
posed to the oxidizing action of a moist 
atmosphere, it is again converted into 
iron-rust, which is soluble in water hold- 
ing organic matters, and may thus be 
made to enter once more into the terres- 
trial circulation. 

There is another form in which iron is 
frequently concentrated in nature, that of 
sulphide, and most frequently as the bi- 
sulphide known as iron-pyrites. This 
substance is found both in the oldest and 
the newest rocks, and, like the oxide of 
iron, is even to-day forming in certain 
waters, and in beds of mud and silt, where 
it sometimes takes a beautifully crystal- 
line shape. What are the conditions in 
which the sulphide of iron is formed and 
deposited, instead of the oxide or car- 
bonate of iron? Its production depends, 
like these, on decaying organic matters. 
The sulphates of lime and magnesia, which 
abound in sea-water, and in many other 
natural waters, when exposed to the ac- 
tion of decaying plants or animals, out of 
contact of air, are, like peroxide of iron, 
deoxidized, and are thereby converted 
into soluble sulphides; from which, if car- 
bonic acid be present, sulphuretted hy- 





drogen gas is set free. Such soluble 
sulphides, or sulphuretted hydrogen, are 
the reagents constantly employed in our 
laboratories to convert the soluble com- 
pounds of many of the common metals, 
such as iron, zinc, lead, copper, and silver, 
into sulphides, which are insoluble in 
water and in many acids, and are thus 
conveniently separated from a_ great 
many other bodies. Now, when in a 
water holding iron-oxide, sulphates are 
also present, the action of organic mat- 
ter, deoxidizing the latter, furnishes the 
reagent necessary to convert the iron into 
a sulphide; which in some conditions, not 
well understood, .contains two equivalents 
of sulphur for one of iron, and constitutes 
iron-pyrites. I may here say that I have 
found that the unstable protosulphide, 
which would naturally be first formed, 
may, under the influence of a persalt of 
iron, lose one-half of its combined iron; 
and that from this reaction a stable bi- 
sulphide results. This subject of the origin 
of iron-pyrites is still under investiga- 
tion. 

The reducing action of organic matters 
upon soluble sulphates is well seen in the 
sulphuretted hydrogen which is evolved 
from the stagnent sea-water in the hold 
of a ship, and which coats silver exposed 
to it with a black film of sulphide of silver, 
and for the same reason discolors white- 
lead paint. The presence of sulphur in 
the exhalations from some other decaying 
matters is well known, and in all these 
cases a soluble compound of iron will act 
as a disinfectant, partly by fixing the sul- 
phur as an insoluble sulphide. Silver 
coins brought from the ancient wreck of 
a treasure-ship in the Spanish Main were 
found to be deeply incrusted with sul- 
phide of silver, formed in the ocean’s 
depths by the process just explained, 
whichis one that must go on wherever 
organic matters and sea-water are pres- 
ent, and atmospheric oxygen excluded. 

The chemical history of iron is pecaliar; 
since it requires reducing matters to bring 
it into solution, and since it may be pre- 
cipitated alike by oxidation, and by far- 
ther reduction, provided sulphates are 
present. The metals copper, lead, and 
silver, on the contrary, form compounds 
more or less soluble in water, from which 
they are not precipitated by oxygen, but 
only by reducing agents, which may separ- 
rate them in some cases in a metallic state, 
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but more frequently as sulphides. The 
solubility of the salts and oxides of these 
metals in water is such that they are found 
in many mineral springs, in the waters 
that flow from certain mines, and in the 
ocean itself, the waters of which have 
been found to contain copper, silver, aud 
lead. Why, then, do not these metals ac- 
cumulate in the sea, as the salts of soda 
have done during long ages? The direct 
agency of organic life comes again into 
play, precisely as in the case of phosphorus, 
iodine, and potash. Marine plants, which 
absorb these from the sea-water, take up 
at the same time the metals just named, 
traces of all of which are found in the ashes 
of sea-weeds. Copper, moreover, is met 
with in notable quantities in the blood of 
may marine molluscous avimals, to which 
it may be as necessary asiron is to our own 
bodies. Indeed, the blood of man, and of 
the higher animals, appears never to be 
without traces of copper as well as of 
iron. 

In the open ocean the waters are con- 
stantly aerated, so that soluble sulphides 
are never formed, and the only way in 
which these dissolved metals can be re- 
moved and converted into sulphides is by 
fixing them in organisms, either vegetable 
or animal. These, by their decay in the 
mud of the bottum, or the lagoons of the 
shore, generate the sulphides which fix 
their contained metals in an insoluble form, 
and thus remove them from the terrestrial 
circulation. 

It is not, however, in all cases necessary 
to invoke the direct action of organisms to 
separate from water the dissolved metals. 
It often happens that the waters contain- 
ing these, instead of finding their way to 
the ocean, flow into lakes or inclosed basins, 
as in the case of the drainage-waters of an 
English copper-mine, which have impreg- 
nated the turf of a neighboring bog to such 
an extent that its ashes have been found a 
profitable source of copper. Under cer- 
tain conditions, not yet well understood, 
this metal is precipitated by organic mat- 
ters in the metallic state, but if sulphates 
are present a sulphide is formed. Thus, 
in certain mesozoic schists in Bohemia, 
sulphide of copper is found incrusting the 
remains of fishes, and in the sandstones of 
New Jersey we find it penetrating the 
stems of ancient trees. I have in my pos- 
session a portion of a small trunk taken 
from the mud of a spring in Ontario, in 





which the yet undecayed wood of the cen- 
tre is seen to be incrusted by hard metallic 
iron-pyrites. In like manner the old trees 
of the New Jersey sandstone became in- 
crusted with copper-sulphide, which, as de- 
cay went on, in great part replaced the 
woody tissue. Similar deposits of copper 
and of iron often took place in basins where 
the organic matter was present in such a 
condition or in such quantity as to be en- 
tirely decomposed, and to leave no trace 
of its form, unlike the examples just men- 
tioned. In this way have been formed 
fahl-bands, and beds of pyrites and other 
ores. 

The fact that such deposits are associa- 
ted with silver and with gold leads to the 
conclusion that these metals have obeyed 
the same laws as iron and copper. It is 
known that both persalts of iron and solu- 
ble sulphides have the power of rendering 
gold soluble, and its subsequent deposition 
in the metallic state is then easily under- 
stood. 

I have endeavored by a few illustrations 
to show you by what processes some of the 
more common metals are dissolved and 
again separated from their solution in in- 
soluble forms. It now remains to say 
somewhat of the geological relations of ore 
deposits, which are naturally divided into 
two clauses ; the first including those which 
occur in beds, and have been formed con- 
temporaneously with the inclosing earthy 
sediments. Such are the beds of iron-ores 
which often hold imbedded she!ls and other 
organic remains, and the copper-bearing 
strata already mentioned, in which the 
metal must have been deposited during the 
decay of the animal or plant which it in- 
crusts or replaces. But there are other 
ore deposits evidently of more recent for- 
mation than the rocky strata which inclose 
them, which have resulted from a process 
of infiltration, filling up fissures with the 
ore, or diffusing it irregularly through the 
rock. It is not always easy to distinguish 
between the two classes of deposits, Thus 
a fissure may in some cases be formed and 
filled between two sundered beds, from 
which may result a vein that may be mis- 
taken for an interposed stratum. Again, 
a bed may be so porous that infiltrating 
waters may diffuse through it a metallic 
ore, or a metal, in such a manner as to 
leave it doubtful whether the process was 
contemporaneous with the disposition of 
the bed, or posterior to it. But I wish to 
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speak of deposits which are evidently 
osterior, and occupy fissures in previous- 
y formed strata, constituting true veins. 
Whether produced by the great move- 
ments of the earth’s crust, or by the local 
contraction of the rocks (and both of 
these causes have in different cases been 
in operation), such fissures sometimes ex- 
tend to great lengths and depths; their 
arrangement and dimensions depending 
very much on the texture of the rocks 
which have been subjected to fracture. 
When a bone in our bodies is broken, 
nature goes to work to repair the frac- 
tured part, and gradually brings to it 
bony matter, which fills up the little in- 
terval, and at length makes the severed 
parts one again. So when there are 
tractures in the earth’s crust, the circu- 
lating waters deposit in the openings 
mineral matters, which unite the broken 
portions, and thus make whole again the 
shattered rocks. Vein-stones are thus 


formed, and are the work of nature’s con- 
servative surgery. 

Water, as we have seen, is a universal 
solvent, and the matters which it may 
bring and deposit in the fissures of the 


earth are very various. There is scarcely 
@ spar or an ore to be met with in the 
stratified rocks that is not also found in 
some of these vein-stones, which are often 
very heterogeneous in composition. In 
certain veins we find the elements of lime- 


stone or of granite, and these often include’ 


the gems, such as amethyst, topaz, garnet, 
hyacinth, emerald, and sapphire; while 
others abound in native metals or in me- 
tallic oxides or sulphides. The nature of 
the materials thus deposited depends very 
much on conditions of temperature and of 
pressure, wh.ch affect the solvent power of 
the liquid, and still more upon the nature 
of the adjacent rocks and of the waters 
, permeating them. The chemistry of min- 
eral veins is very comp!icated. Many of 
these fissures penetrate toa depth of thous- 
ands of feet of the earth’s crust, and along 
the channels thus opened the ascending 
heated subterranean waters may receive in 
their course various contributions from the 
overlying strata. From these additions, 
and from the diminished solubility result- 
ing from a decrease of pressure, deposits of 
different minerals are formed upon the walls, 
and the slow changes ‘in composition are 
often represented by successive layers of 
unlike substances. The power of these 





waters to dissolve and bring from the low- 
er strata their contained m-tals and spars 
is probably due in great part to the alka- 
line carbonates and sulphides which 
these waters often hold in solution; but 
the chemical history of the deposition of 
the ores of iron, lead, copper, silver, tin, 
and gold, which are found in these veins, 
demands a lengthened study, and would 
furnish not less beautiful examples of 
nature’s chemistry than those I have 
already laid before you. 

The process of filling veins has been go- 
ing on from the earliest ages; we know of 
some which were formed before the Cam- 
brian rocks were deposited, while others 
are still forming, as the observations of 
Phillips have shown us in Nevada, where 
hot springs rise to the surface and deposit 
silica, with metallic ores, which incrusts 
the walls of the fissures. These thermal 
waters show that the agencies which in 
past times gave rise to the rich mineral 
deposits of our Western regions, are still at 
work there. 

Let us now consider the beneficent re- 
sults of the process of vein making. The 
precious metals, such as silver, are so sparse- 
ly distributed, that even the beds rich in 
the products of decaying sea-weed, which 
we have supposed to be deposited from the 
ocean, would contain too little silver to be 
profitably extracted. But in the course of 
ages these sediments, deeply buried, are 
lixiviated by permeating solutions, which 
dissolve the silver diffused through a vast 
mass of rock, and subsequertly deposit it 
in some fissure, it may be in strata far 
above, as a rich silver ore. This is nature’s 
process of concentration. 

We learn from the history which we 
have just sketched the important conclu- 
sion, that amid all the changes of the face 
of the globe the economy of nature has re- 
mained the same. Weare apt, in explain- 
ing the appearances of the earth’s crust, to 
refer the formation of ore-beds and veins 
to some distant and remote period, when 
conditions very uulike the present prevailed, 
when great convulsions took place, and 
mysterious forces were at work. Yet the 
same chemical and physical laws are now, 
as then, in operation; in one part dis- 
solving the iron from the sediments and 
forming the ore-beds, in another separat- 
ing the rarer metals from the ocean’s 
waters; while in sti!l other regions the 
consolidated and buried sediments are per- 
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meated by beated waters, to which they 
give up their metallic matters, to be subse- 
quently deposited in veins. These forces 
are always in operation, rearranging the 
chaotic admixture of elements which re- 
sults from the constant change and decay 
around us. The laws which the first great 
cause imposed upon this material universe 
on the first day are still irresistibly at 
work fashioning its present order. One 
great design ani purpose is seen to bind 
in necessury harmony the operations of 
the miueral witi those of the vegetable and 
animal worl is, and to make all of these 
contribute to that terrestrial circulation 
which maintains the life of our mother 
earth. 

While the phenomena of the material 
world have been looked upon as chemi- 
eal and physical, it has been customary to 
speak of tose of the organic world as vi- 
tal. The tendency of modern investiga- 


tion is, however, to regard the processes 
of auimal and vegetable growth us them- 
selves purely chemical and physical. That 
this is to a great extent true must be ad- 
mitted, though [ am not prepared to con- 
cede that we nave in chemical and pbysi- 
cal processes the whole secret of organic 


life. Still we are, in many respects, ap- 
proximating the phenomena of the organic 
world to those of the mineral kingdom ; 
anc we at the same time learn that these so 
far interact and depend upon each other 
that we begin to see a certain truth under- 
lying the notion of those old philosophers 
who extended to the mineral world the 
notion of a vital furee; which led them to 
speak of the earth as a great living organ- 
ism, and to look upon tae various chauges 
in its air, its waters, and its rocky depths, 
as processes belonging to the life of our 
planet. 

[Since this lecture was delivered, I have 
seen the resulis of the researches of Son- 
stadt on the iodine in sea-water, which ap- 
= in the “Chemical News” for April 26, 

ay 17, and May 24, 1871. According to 
him this element exists in sea-water, under 
ordinary conditions, as iodate of calcium, 
to the amount of about one part of the 
iodate in 250,000 parts of the water. This 
compound, by decaying organic matter 
(and by most other reducing agents,) is 
changed tu iodide, from which, apparently 
by the act:on of carbonic acid, iodine is set 
free, and may be separated by agitating 
the water with bisulphide of carbon. The 





iodine thus liberated from sea-water by the 
action of dead organic mutters, however, 
slowly decomposes water in presence of 
carbonate of calcium, and is reconverted 
into iodate, the oxygen of the air probably 
intervening to complete the oxidation, 
since, according to Sonstadt, iodides are 
readily converted into iodites under these 
conditions. He finds that the insolubility 
of the iodides of silver end of copp:r is so 
great that by the use of salts of these metals 
iodine may be separated from sea-water 
without concentration, provided the iodate 
of calcium has first been reduced to iodide. 
By this property of iodine and its com- 
pounds to oxidize and be oxidized in turn, 
Sonstadt supposes them to perform the im- 
portant function of consumi:g the products 
of organic decay, and so maintaining the 
salubrity of the ocean’s waters. Their-ac- 
tion would thus be very similar to that of 
the oxides of iron, as explained in the pres- 
eut lecture. 

Still more recently the same chemist has 
announced that the sea-water of the Brit- 
ish coasts contains in solution besides silver 
an appreciable quantity of gold, estimated 
by him at about one grain to a ton of 
water. This is separated by the add.tion 
of chloride of barium, apparently as an 
aurate of baryta adheriny to the precipi- 
tated sulphate, which yields by assay an 
alloy of about six parts of gold to four of 
copper. Other metiods have been devised 
by him for separating these metals from 
their solution in sea-water. The agent 
which keeps the gold of the sea in a so!u- 
ble and oxidized condition is, according to 
Sonstadt, the iodine liberated by the action 
already described. 

The views maintained by Lieber, Wurtz, 
Genth, and Selwyn, as to the solution and 
redeposition of gold in modern alluvial de- 
posits seem to be well grounded, and we 
are led to the conclusion that the circula- 
tion of this metal in nature is as easily ef- 
fected as that of iron or of copper. The 
transfer of certain other elements, such as 
titanium, chrome, and tin, or at least their 
accumula ion in concentrated forms, ap- 
pears, on the contrary, to require condi- 
tions which are no longer operative at the 
surface of the earth. 

It should here be noticed that Prof. 
Henry Wurtz, of New York, in a paper 
read before the American Assoc ation for 
the Advancement of Science, in 1568, ex 
pressed the opinion that the ocean-waters 
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contained gold, and urged experiments for 
its detection. According to his calculations 
the total amount of gold hitherto extracted 
from the earth, and estimated at two thou- 
sand million dollars, would give only one 


dollar for two hundred and eighty million 
tons of sea-water, while from the experi- 
ments of Sonstadt, it would appear that 
the same quantity of gold is actually con- 
tained in twenty-five tons of water. } 





ON THE IMPORTANCE OF SURVEYING IN GEOLOGY. 


By BENJAMIN SMITH LYMAN, C. E. 


Transactions of American Institute of Mining Engineers. 


The importance of topography to ge- 
ology is so commonly underrated as to de- 
serve to be pointed out again and again. 
The relation of topography to the different 
branches of geology may be seen best by a 
glance at them all. 

Geology is well understood to consist of 
the observation of facts about rocks as ma- 
terials of the earth (geognosy), and the ex- 
planation of those facts (geogeny). 

The facts to observe are: 

I. Geomernricat, as (1) structure, includ- 
ing the dip and strike at different points, 
the size, shape, and position of basins and 
saddles; (2) vertical section, that is, the 
thickness of rock groups and of their parts; 
(3) horizontal or geographical position. 

II. Puysrcat, such as texture; whether 
sedimentary or crystalline; and, if crystal- 
line, whether granitic, porphyritic, amyg- 
daloidal, globular or concretionary ; whether 


compact or granular ; coarse or fine ; per- | 


vious or impervious : hard or soft ; firm or 
tender ; with cleavage or without ; massive 
or thin; the microscopic structure ; also, 
whether magnetic or not ; soluble or insol- 
uble ; fusible or infusible ; and the con- 
stituent minerals. 

III. Cuemrcat, that is, the composition 
of the rocks and of their minerals and their 
affinities. 

IV. Patzontotoaicat, as what kind of 
fossils are in the rocks, whether (1) salt- 
water ; and if so, whether (a) deep-water; 
(d) shallow-water ; or (c) lagoon ; (2) jiresh- 
water; or (3) land. ; 

Knowledge of this general character 
about the fossils is all that is needed of 
them for geological purposes, for under- 
standing the nature of the rocks and the 
successive changes the earth has under- 

me. The special fossils that may be 
found in different beds of rock may be of 


great interest in the history of life in the 
world, or of organisms (paleontology), and 





may sometimes give more or less trust- 
worthy aid in determining practically the 
relative age of such beds, but in general 
it is rather the position of the beds that 
determine the relative age of the different 
groups of animals or plants whose 1emains 
are found in them; and geology gives to 
paleontology far naore in value than it gets 
in return. It is absurd, then, for paleeon- 
tology to assume to be geology, or the chief 
part of geology, as so often happens nowa- 
days. Paleontology in truth only helps 
to a know!edge of a very few of the many 
physical and chemical facts about the earth’s 
materials, and those few perhaps seldom of 
very great importance. The explanation of 
the changes trom bed to bed in the general 
character of the fossils, as salt water, fresh- 
water, or land, deep-water or shallow-water 
fossils, depends, of course, on physical or 
chemical laws. 

The facts that were just now called geo- 
metrical are, of course, in one sense, merely 
physical; for they only concern the size, 
shape, position, and general composition of 
rocks or groups of rocks. The explanation 
of such tacts must always be of a physical 
or chemical rature. 

It is plain, then, that both the facts of 
geology and their explanation are always 
either physical or chemical, with the not 
very important exception that the general 
character of fossils is shown by physiology. 

The facts learned by measurement, 
though they can scarcely be separated 
wholly from the other classes of facts, do 
not yield to them in importance. The ques- 
tions, where a rock of a given physical or 
chemical nature is found, what is its ex- 
tent, and what is its position relative to 
other rocks, and to the sea level, are at 
least as important as the physical and chem- 
ical facts themselves, both in theoretical ge- 
ology and in practical mining. Indeed, the 
geometrical facts of themselves would some- 
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times show some of the most important phy 
sical facts; as, for example, the shape of the 
surface of the ground very often shows the 
relative hardness of the rocks that underlie 
it, and in a limited region shows by that 
means what beds of a known series underlie 
given points, such as a coal-bed marked at 
its outcrop by a terrace, or a hard bed of 
rock marked by a ridge. For a thorough 
understanding of geology, of course, an in- 
timate acquaintance with the laws of phys- 
ics and chemistry would be needed; but for 
most practical and even theoretical pur- 
poses only that common knowledge of them 
is wanted which almost every man has, and 
geometrical measurements become the sole 
and all-important requirement. 

The necessity of some sort of geometrical 
representation of some of the most import- 
ant geological facts has been acknowledged 
almost universally by the use of maps, and 
of more or less rudely made sections. But 
itis perhaps the very imperfection of such 
methods as have been commonly employed, 
that has brought this branch of geological 
work into the undeserved contempt in which 
it seems genera'ly to lie; and such geomet- 
rical representation has at best almost al- 
ways been used solely to set forth geological 
facts, seldom as a means of finding them 
out. Very often, indeed, the map is merely 
to show the geographical distribution of dif- 
ferent groups of fossil animals and plants. 
Even when hills and mountains are shown, 
it is only by vague shading or indefinite 
hachure lines with all traces of geological 
structure left out. The cross-section, with 
its exaggerated vertical scale and distorted 
dips, would commonly seem rather to im- 
press the eye with the varying height of 
surface than to show how the rocks lie, the 
true aim of a geological section. The map 
and section not only give the geological 
facts so very imperfectly, but are almost 
useless as an aid in working out the geo- 
logy, from the bare, disconnected facts ob- 
served in the field, and in correcting or ver- 
ify:ing the guesses made there. 

A geologic:l m2p should be a geometrical 
construction on paper of the earth’s features 
on the surface and below, and should show 
as fully as possible the shape of the surface, 
marked with the places of the observed 
rocks, and should give the position of the 
rocks or of some of the chief beds of rock 
below the surfice as well as on it; and 
should be accompanied by asection, to show 
the thickness and sequence of the rock- 





beds, as well as by a cross-section of the re- 
gion, to show the dips and basins of the 
rocks. 

The relative position of points on the 
ground is found, of course, by the measure- 
ment of horizontal distances and angles ; 
the height of points is found by levelling, 
that is, the measurement of vertical dis- 
tances. The points of reference on the sur- 
face are well enough mapped by any of the 
ordinary methods, but the shape of the sur- 
face is far better shown by contour lines (or 
lines of equal height) than by hachures 
(lines of great steepness) or shading (dark 
according to the steepness). Where the 
map is on a large scale, the contour lines 
may be ten feet apart in level, or even less, 
and show many details. But even in maps 
of large regions on a small scale, contour 
lines, although 100, or as much as 250 feet 
apart in level, or even more, so that many 
details must be left out, still give very much 
more information than hachures or shading, 
and show, roughly at least, the height of 
mountains, besides their course and steep- 
ness; and on comparatively level ground, 
where hachures and shading have nothing 
whatever to say, contour lines show not only 
the height, but the direction of the slopes 
and their steepness. 

Shading aims only to show the steepness 
of the ground, and at the very best can do 
this only very roughly indeed. Hachures 
aim to show the steepness and its direction ; 
but can show the steepness no better than 
shading, and to show well even the diree- 
tion of greatest steepness, would often need 
far greater delicacy of touch and of eye than 
either is capable of. Neither shading nor 
hachures give even a rough idea of the rel- 
ative height of the ground at different 
points. Contour lines, on the other hand, 
show with more or less exactness the height 
of every point on the surface, besides giving 
with great nicety both the direction of 
greatest steepuess and its amount. There 
is, indeed, no comparison between the mer- 
its of contour lines and those of either of 
the other two methods; and the only plau- 
sible explanation of the fact that contour 
lines are comparatively so seldom used is, 
that they are definite in their statements, 
they exact for their preparation a more 
definite knowledge of the shape of the 
ground, or at least a clearer idea of it, and 
consequently greater labor. Shading and 
hachures furnish a vague language that is 
fitted for expressing with ease vague infor- 
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mation; what contour lines tell, they tell 
with precision. If the information at hand 
be imperfect, contour lines will still express 
with clearness the best opinion or guess 
that can be given by the mapmaker, whose 
guess even may be of great value to those 
who have not had his means of forming an 
opinion. The uncertainty of the informa- 
tion should at the same time be shown by 
the wording of the title of the map, or by a 
note upon it, or by dotting the contour 
lines. Indeed, any desired degree of 
vagueness can be given by leaving the dis- 
tance apart of the contour lines indefinite, 
or only more or less approximately uniform. 
The advantage of contour lines over hach- 
uring has been well insisted on in Lesley’s 
“ Manual of Coal and its Topography,” 1856, 
but cannot be urged too oft.n, until it is 
generally a-knowledged and they come into 
common use. 

It is very easy to give the appearance of 
relief to the map by thickening the contour 
lines, on ove side of the hills, and by ulto- 
gether leaving out haif of them on the oth- 
er side, so that the hills may look as if they 
were lighted by the sua on one side, and in 
the shade on tue otaer. But some confu- 
sion might arise in reading the map, be- 
cause this very effect of dark shade is also 
given by the mere closeness of the contour 
lines wh.ch marks steepness of the ground. 
A dark shaded part may seem steeper 
than it realiy is, and a really steep place on 
the sunny sile of a hill may, from the 
omission of half the contour lines, seem 
only half as sieep as itis. It is, perhaps, 
better to g.ve the relief effect by mere shad- 
ing ; heavy shading on une side of the hills, 
and light shading, or none at all, on the 
other side, leaving the contour lines of uni- 
form thickness, to show the steepness of the 
ground by their closeness. Confusion 
would especially be guarded against by 
making the contuur lines of a different col- 
or from the shading. 

As contour lines give the best means of 
showing on paper the shape of the surface 
of the ground, so they give likewise the 
best means of showing on paper the shape 
of the surface of a bed of rock. Itis seldom 
that the surface of a bed of rock is laid bare 
for any great distance by nature, so that it 
can be mapped like the surface of the 
armed but it often happens that this can 

done in mines. In other cases it is neces- 
sary to map the bed and draw its contour 
lines with more or less certainty from the 





exposures that happen to be visible. Not 
only may the actual exposures of the bed 
itself be regarded, but as the beds above 
and below are more or less exactly parallel, 
its position can be reckoned from an obser- 
vation of theirs. At each point of observa- 
tion the strike and dip of the rocks must be 
taken as well as their level, just as in mak- 
ing observations for mapping the surface of 
the ground; besides taking the level of a 
point, the contour lines near it are at least 
sketched; that is, the direction of a level 
iine, aud the steepness at right angles with 
it, are more or less exactly taken. If such 
observations on the rocks are made at 
points enough, a perfect geometrical repre- 
sentat.on of any bed of rock can be made. 
Even if the observations are too few for 
that, they may yet be enough t» form a rea- 
sonable conjecture as to the position of the 
bed, with more or less certainty. The very 
putting down on paper with precision, in 
proper relation, wat is known of the posi- 
tion of the rocks, aids immensely in com- 
pleting a geometrical construction of them, 
und gives a vast deal of information beyond 
what can be guessed at in the field. The 
eye takes in readily such mapped observa- 
tions, and sees their bearing upon each vth- 
er, when the biggest head, witu the same 
facts, but without a map, wouid be at fault, 
and merely muddled. 

The known or conjectured shape of the 
surface of the bed can be shown on paper 
better by contour lines than in any other 
way, and is generally so much wore regular 
than the shape of the surface of the ground 
that the contour lises of one will not be 
mistaken for those of the other, even if they 
be drawn in the same color on the same 
sheet ; and sometimes even several different 
beds may be drawn without confusion. The 
points where the contour lines of the bed 
meet the same contour lines of the surface, 
show the position of the outcrop of the bed, 
one of the most important features to map, 
whether for practical or for theoretical pur- 
poses. It is, in fact, the geomeirical con- 
struction itself, that commonly shows the 
position of the outcrop through most of its 
length, very often where it would not oth- 
erwise be suspected. 

If the dips are very steep it will often not 
be well to make the contour lines of a rock- 
bed (the underground contour lines) as near 
together in level as those of the surface; 
they may be a hundred feet apart in level 
instead of ten, and yet show perfectly well 
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the shape of the bed. Sometimes it is 
shown very well merely by the outcrop and 
a single contour live, that, for example, of 
the drainage level of the region, or the 
course that a drift for drainage would take 
on the bed in question. With surface con- 
tour lines and underground contour lines, 
the depth of the bed below the surface at 
any point can readily be known; and this is 
highly important in sinking a shaft or reck- 
oving the yield of a bed above a given level. 

With such a complete geometrical repre- 
sentation of the shape of a bed as contour 
lines would give, it is only needful to make 
a full section of all the beds with their 
thickness to show the position of every bed 
of rock at every point. The thickness of 
each bed in its order must be measured, of 
course, at right angles with its surface ; 
and a drawing of the whole se:ies made to 
show them all on the same scale. It is 
plain that the whole series need not be 
measured at one point, but the different 
parts can be taken wherever exposed. The 

eometrical construction of the map will 
Frelp very much to show their relation, and 
the gaps between them, if any. 

Having the surface of the ground and 
that of one or more rock-beds shown by 
contour lines, and a section of all the rock- 
beds with their thickness, it is easy to draw 
a cross-section of the cuuntry in any direc- 
tion, +o as to show the profile outline of the 
ground and of each bed. Such a sect on 
across the average strike of the rocks or 
across the axes of their basins and saddles 
is especially useful; the next most u-eful 
section is commonly one along the axis of a 
basin. Of course the vertical and horizon- 
tal scale of such a section must be the same, 
otherwise the rock structure, the chief ob- 
ject of the section, would b great!y distort- 
ed. In making an undistorted cross-sec- 
tion before the underground contours are 
drawn, facts often come to light that would 
otherwise be unknown, such as the identifi- 
cation of beds exposed only at distant 
points, and the steepness ot the dip at 
points where there is no exposure. Sec- 
tions of this kiud are, therefore, often a 
Very great help in making the map itself. 

Such maps and sections, then, show com- 
pletely all that is known (or conjectured) of 
the geometrical facts of the beds of rock, 
the thickness, extent, position, and present 
shape of each bed, its position with refer- 
ence to each of the other beds; the shape, 
size, and position of the basins and saddles, 
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what part of each bed still remains under- 
ground, and what part has been worn away 
to form valleys, whit part is above the low- 
est drainage level of the region or any oth- 
er given level, and what below it; and the 
very process of making the maps and sec- 
tions is a very valuable aid to gaining such 
knowledge, and often teaches as much as 
could be learned by very costly digging or 
mining. These facts are not only of the 
highest importance themselves, but they 
lie at the base of very much (if not most) 
reasoning toward the explanation of the 
purely physical and chemical facts of rock- 
beds. 

Simple and clear as all this seems, yet it 
was sv long overlooked and is still so much 
disregarded, that maps showing with the 
least completeness the geometrical facts of 
the surface and of the rock-beds were never 
seen thirty-five years ago, and are extremely 
rare even now. Pennsylvania, in fact, can 
claim for itself or for its citizens the credit 
of doing nearly all that has been done for 
the progress of this branch of gevlogy, 
whose early history (in America at least) is 
but part of that of the Pennsylvania State 
Geolugical Survey, and whose later history 
is found in the geolog cal work of the chief 
topographer of the survey, Professor J. P. 
Lesley, followed by that of others who have 
learned more or less directly from hm. To 
him alone, in fact, belongs the credit of al- 
most all the advances that have been made 
in this line of work, as well as of having 
first established i s most essentia! priuciples. 
Some of its earlier hitherto unpublis.ed an- 
nals, learned by inquiry of him, deserve to 
be recorded before it is too late. 

The Pennsylvania Survey, under Profes- 
sor H. D. Rogers, began in the year 1536, 
and soon discovered a very intimate relation 
between the surface features and the struc- 
ture of the rock-beds below, a relation that 
is perhaps more striking in this State and 
Virginia than in must countries. 

karly in the spring of 1839, one of the 
assistants of the survey, James D. \\ he'p- 
ley, finished in lead-pencil at the end of two 
yeurs’ work, all his own, the firs: topo- 
graphical map. It embraced all the an- 
thracite region except the Wyoming Valley. 

In 1840 Alexander McKinley finished a 
sketch map of the Wyoming Basin. 

Between the spring of 1839 and the fall 
of 1840, Andrew A. Henderson (now Sur- 
geon in the United States Navy) made a 





| beautiful map of the Juniata regiou, partly 
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copied into Lesley’s “ Manual of Coal and its 
Topography ” (page 137). Atthe same time 
the country north of that was also mapped 
by McKinley. 

In 1839 J. P. Lesley, who had just joined 
the survey, made in Whelpley’s style a map 
of the country south of the anthracite re- 

ion and north of the North (or Kittatinny) 
ountains. 

In 1840 and 1841, Lesley was occupied 
in completing Whelpley and McKinley’s 
maps by putting in the surrounding coun- 


At the end of 1841 all the materials of 
the whole State where any mapping had 
been done went into Lesley’s hands, and in 
1841 and 1842 he made up the State map 
and its cross-sections. 

In all these maps no contour lines were 
used, but great attention was paid to eleva- 
tion for the cross-sections, and the maps 
were made with the sections before the eye 
as a guide in making the hachures, and 
oh Henderson was expecially successful in 

In the winter of 1846 and 1847, Lesley 
made a second copy of the State map and 
of all the sections across the State. 

In 1851 he madea great map of the 
Shamokin anthracite region for Mr. Rogers, 
@ private undertaking. The country was 
cross-barred with section-lines staked at 
short intervals; and the map was made 
with hachures on a peculiar system of Les- 
ley’s invention, equivalent to contour lines. 

In 1852 Lesley spent the summer in the 
field in making (ior the State survey again) 
a great shect of the Pottsville anthracite re- 

ion. The country above ground was cross- 
arred with lines three-quarters of a mile 
apart, and the outcrops were run by parties 
under charge of John Sheafer; while un- 
derground surveys were also made by par- 
ties under P. W. Sheafer, and Lesley did 
the mapping. Contours were drawn only 
to determine the depth of the hachures, 
which were all short, showing the slopes, 
with eight or ten systems on a single moun- 
tain-side. The outcrops in the gaps were 
marked by a peculiar system of hachures 
that showed the dip. Every outcrop of ev- 
coal-bed and every rock outcrop were 
laid down. The map was between twenty 
and thirty feet long, and has gone out of 
sight, but no doubt still exists among the 
papers left by Rogersat his death, since 
the State law made all the materials of the 
survey his private property. 





At the end of 1852 it was finished only 
from near Donaldson and Tremont to within 
six or seven miles of Tamaqua, and em- 
braced the Mine Hill basin and the plateau 
of the Broad Mountain. It was intended 
to carry forward and finish the map the 
next year; but the corps was broken up; 
and in 1853 A. A. Dalson, with one assist- 
ant, was employed to extend the sheets. 
Without parties he could not do it in the 
same way, and Rogers had him make out 
of all the materials extant the reduced copy 
of the map of the anthracite region (with 
hachures), published in the State Report 
under Lesley’s and Dalson’s names; but 
Lesley never saw it until it had been print- 
ed. It should be called Dalson’s map, as 
the preface to the report does call it. 

is and the great map of the State with 
its cross-sections, are all that was ever pub- 
lished of all this work. 

The first countouring for geological maps 
was done in 1853 and 1854, in a great ma 
of Lesley's for the Pennsylvania Rai 
Company, of the country from Johnstown 
to Greensburg, in Western Pennsylvania, 
covering parts of Westmoreland, Fayette, 
and Indiana Counties. It was eight feet 
long and four feet wide, and was covered 
with fine contour lines twenty feet apart in 
level, and with intermediate ten-foot lines 
for relief, and shading on the southeast side 
of the hills. I myself saw this map about 
1856 or 1857, and can bear witness that it 
was avery wonder of topographical labor 
and skill. It would seem years ago to have 
disappeared from existence, but it is incred- 
ible that so valuable a piece of work should 
be destroyed. 

In 1855 and 1856 Lesley mapped Broad 
Top Mountains with contour lines; and the 
survey was so minute that there were over 
eleven thousand stativns levelled. None of 
this has ever been published, and it would 
be an extremely valuable contribution to 
another State survey. 

In 1856 he published his “ Manual of Coal 
and its Topography,” in which he set forth 
most admirably the relations of topography 
to geology, and make public the principles 
of the art to which he himself had first giv- 
en form. The book contains many beauti- 
ful little topographical maps and sketches 
by way of illustration. From that time to 
the present (owing partly to the increased 
ease of reproducing maps by the help of 
photography, and photulithography), he 
has published many specimens of his work, 
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especially in the Proceedings and Transac- 
tions of the American Philosophical Soci- 
ety, as well as in the pamphlets of private 
owners of mineral lands; and much remains 
unpublished. The maps cover many points 
in the Appalachian region from Cape Bre- 
ton to Georgia, but particularly in Pennsyl- 
vania, and are sometimes in contour lines, 
with or without shading in addition, some- 
times only in shading. The position of 
beds (say of coal or iron), is shown on them 
by laying down their outcrop and the course 
of a level upon the bed, for- example the 
lowest water-level of the tract or region. 
The maps are sometimes colored and some- 
times not. They show not only very great 
topographical and geological knowledge and 
experience, but high artistic taste and skill. 

n 1866 and 1867, the feasibility of using 
underground contour lines, to give the 


shape of rock-beds (sometimes of three or | 





some Southwestern Virginia coal, iron, and 
lead maps of my own; a photograph of one 
of which was shown to the meeting of the 
American Association for the Advancement 
of Science, in 1867, at Burlington. A num- 
ber of such maps bave been made since 
that, but the only printed ones are in 
my “ Report on the Punjab Oil Lands, La- 
hore,” 1870. They were all drawn with spe- 
cial reference to the requirements of photo- 
graphy. ; 

In the last three years, and especially 
within the last year, contour lines have 
come a little more generally into use for 
geological purposes, no doubt solely through 
Lesley’s example and teaching. R. P. 
Rothwell, J. W. Harden, 8. F. Emmons, 
A. Hague, T. B. Brooks, J. F. Blandy, and 
perhaps others, have published good works 
of this kind; not all of them, however, 
marking the position of the beds of rock 


four above one another), was proved on! even by an outcrop line, still less by a level. 





SEWAGE 


FARMS. 


“The Engineer.” 


It is frequently assumed that a princi- 
ple must be unsound because its applica- 
tion to practice cannot be rendered re- 
munerative. People neglect to inquire 
into the nature and condition of the prac- 
tice, but at once lay the blame on the 

rinciple, and attribute to the cause what 
in reality belongs to the effect. Such a 
course is in many instances the easiest 
mode of getting rid of a difficulty. Too 
rigid an inquiry into the details of the 
ane execution of a project might, and 

equently would, demonstrate that the 
failure in a pecuniary sense was due, not 
to any defect inherent in the scheme it- 
self, but to the blunders and incom- 
petency of those engaged in carrying it 
out. Unluckily, the evil effect of practi- 
cal failures of this character, more espec- 
ially with regard to projects of a compar- 
atively new and untried description, is not 
confined to individual instances, nor to 
the immediate locality where they occur. 
The whole affair gets a bad name. A 
stop is put to further trials and experi- 
ments which would have been undertaken 
but for the prediction of financial failure; 
& prediction which, with respect to the 
subject of our-article, is based upon no 
other grounds than the want of success 





which, in a pecuniary sense, has attended 
some examples of the use of sewage, un- 
der conditions in which no other result 
could have been expected. While the 
progress of sewage irrigation has thus 
been retarded, one benefit has resulted. 
The illuson y nature of the thousand and one 
patents and methods for deodorizing, pur- 
ifying, and utilizing sewage by any means 
save that of irrigation, has been thoroughly 
demonstrated. Local boards and sani- 
tary authorities are now completely con- 
vinced of the soundness of the principle 
of sewage irrigation. The question is: 
Can it be made to pay? This question we 
shall now consider. The principle of 
sewage irrigation, which in its full scope 
includes the establishment and mainten- 
ance of sewage farms, has long ago been 
acknowledged to be sound, even by its 
enemies. It accomplishes at one opera- 
tion the double duty of fertilizing the soil 
and purifying the effluent water. In fact, 
the one result is consequent upon the 
other. The fertilization of the soil signi- 
fies nothing more nor less than the ab- 
straction from the sewage of those very 
ingredients which render an effluent water 
in which they may happen to1emain nox- 
ious and impure, and totally unfit to be 
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permitted to flow into any river or natural 
watercourse. If it be granted that the 
utilization of sewage is synonymous with 
its application in some form or another to 
the land, it is obvious that the simpler 
and the readier the method by which that 
application is effected the better. Of all 
methods, that of irrigation is unquestion- 
ably the simplest and easiest. It applies 
the sewage to the soil in the manner most 
congenial to it, and most favorable to 
the development of that wonderful power 
of assimilation with which plants of every 
description are endowed. If, as is uni- 
versally acknowledged, irrigation per se, 
without any regard to the fertilizing qual- 
ities of the liquid, be of very great advan- 
tage to land, the benefit must be very 
materially enhanced when the liquid in 
addition is possessed of a high manurial 
value. In this case no previous prepara- 
tion, no chemical] fortifying, no adventi- 
tious strength is imparted to the manure. 
It acts solely by its own specific virtue, 
and requires but the land necessary for 
its application. This desideratum brings 
us at once to the pecuniary question, of 
which it constitutes the most important 
element. Sewage farms have proved re- 
munerative, do prove remunerative, and 
under certain fair and reasonable condi- 
tions will prove remunerative. That all 
have not done so there is no doubt, but 
an inquiry into the cause will speedily 
demonstrate that no other result, taking 
the circumstances into consideration, 
could have ensued. 

An example in point will probably best 
corroborate our views. Some years ago 
sewage irrigation was carried on, by a 
company, over a tolerably large area of 
land, some three or four hundred acres, 
not very far from London. The rent was 
moderate, the farm was well managed and 
well cared for, and at the end of three 
successively favorable seasons the com- 
pany were enabled to pay a dividend of 
over ten per cent. Now for the sequel. 
No sooner did the head landlords or 
owners of the land—who in this instance 
constituted a corporate authority directly 
interested in the benefit which the sewage 
farm, as a great sanitary measure, con- 
ferred upon their town—hear of the man- 
ner in which the farm was paying than 
they took the first opportunity of putting 
an eliectual stop to profits. They just 


several successive very wet seasons inter- 
vened. A change by no means to the ad- 
vantage of the company was made in the 
management, ar) ears began to accumulate, 
and at the present time this sewave farm is 
paying little or no dividend, and never will 
until the land can be had at the originally 
reasonable rate. It is a serious error, and 
one calculated to very much retird the pro- 
gress of sewage irrigation, to imagine that 
a sewage farm can pay a higher average 
rent than one farmed in the ordinary man- 
ner. On the contrary, unless with a large 
amount of good luck, it will not afford a 
high rent. The influence of a wet season 
is felt with much greater severity on a 
sewage farm than on any other. Unless 
in a place of so exceptional a character as 
Barking, the sewage must be taken regu- 
larly and applied to the land wet or dry. 
If the rain should turn the fields into an 
absoiute swamp, still the sewage must go 
over them, or some of them. The outlay re- 
quired to bring a sewage farm into a proper 
condition suitable for the reception of the 
sewage, and capab‘e of benefit ng by its ap- 
plication, is a heavy and a serious item in the 
expenditure. Tie maintenance also is of a 
more expensive character than in the case of 
ordinary farms. It is of a more scientific 
nature, and demands u far higher amount 
of skill and knowledge on the part of those 
who have the mangement of the affair. 
If, with all these drawbacks, a heavy rent 
for the land be incurred as well, it is too 
much to expect that a sewage farm will 
ay. 
4 ‘There is another consideration which 
very materially affects this question. It is 
the price paid for the sewage, which in 
some instances has been excessive. and 
totally disproportionate to its actual man- 
urial value. The strength of sewage varies 
very considerably, depending amung other 
conditions upou the water supply, the des- 
cription of town whence it is derived, and 
the system of sewerage and drainage 
adopted in each particular cise. The truth 
is that both landowners and sewage own- 
ers, the latter of whom are generally local 
boards, expect to make a lurge profit out of 
a project which, although it has given un- 
doubted evidence of possible success, is yet 
to a great degree experimental and 
under trial. While sewage farms have 
been in cultivation for some years, and 4 
certain amount of valuable in{urmation and 





doubled the rent. At this juncture also 





experience has accrued from them, yet the 
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principle has not become popularized. It 
is not too much to assert that not one 
farmer in a thousand would know how to 
manage a sewage farm as it ought to be. 
Some have tried it and failed, but failures | 
of this description cannot be set down 
against the soundness of the principle, nor 
the conclusion deduced from them that 
sewage farms will not pry. Independently | 

| 





connected with the success of a sewage 
farm. Unless there are means available 
for disposing promptly and regularly of 
the produce at a fair price, the farm will 
not pay. So far as the grass is concerned, 
that can always be sold, and also most 
profitably, on the land itself; but the root 
and other crops for the most part must be 
sent to market. Here a good deal of prac- 
tical knowledge is necessary, both with re- 


of the question of competency on the part 
of those engaged in the management of a | gard to the selection of crops and the time 
sewage farm, that of proprietorsh'p is an | at which to send them. ‘Tons upon tons of 
important consideration. It is said, © Bvery | root crops wkich have been cut at the 
Englishman thinks he can farm.” It is! wrong time and sent to market, only to 
unnecessary to comment upon the number | find it overstocked, have been sold fora 
who have, to their cost, personally found | mere trifle. We can call to mind one case, 
this to be a delusion with regard to ordi-| in which a large supply of red cabbage was 
nary farming. The idea will be found! dispatched to a market in which there was 
equally delusive with respect to sewage | a glut of that vegetable, while there was 
farming, Local boards as a rule are, and! not a single green one to be had.. A 
always will be, found to be unsuccessful | knowledge of this fact at the farm would 
sewage farmers. The most successful far-| bave made a considerable difference in the 
mer is the man who has a direct interest | pecuniary results of that day’s consign- 
in the land and the produce, and gives per-| ment. While the points to which we have 
sonal and unremitting attention to them. | referred in our present article prove be- 
There is very little doubt that the cause of | yond doubt that sewage farming requires 
some of the irrigation failures may be| no ordinary amount of skill, technical 


traced, not ouly to the incompetency of 
the so-called sewage farmers, but to the 
notion that the sewage would do every- 
thing itself. It was regarded by some as 
@ miraculous fertilizer; it was only necas- 
sary to apply it to the land, and it would 
do its owu farming. But the fact is, that 
any one who expects to manage a sewage 
farm with profit must have an intimate 
knowledge of all the details of ordinary 
farming operations. He must be a thorough 
farmer in every sense of the term, with the 
addition of the knowledge and skill re- 
quisite for the particular service he is en- 
aged in. Playing at farming is a very 
osing game indeed, although people are 
loth to admit it. 

The subject of markets is one intimately 





knowledge, and practical ability, to make 
it prove remunerstive, yet we see no valid 
reason why it should not pay, provided cer- 
tain conditions, which are indispensable, 
obtain. The rent must be moderate, the 
price paid for the sewage low, and under 
some circumstances none at all, and more- 
over the matter must be regarded by all 
parties in a proper light. In other words, 
the utilization of sewage by its application 
to land must be considered as a great san- 
itary utilitarian measure, and not as a spec- 
ulative project which is to pay enormous 
dividends and enrich everyone connected 
with it. This it will never do, but, on the 
other hand, sewage farms, under proper 
treatment, will return a safe and fair per- 
ceutage for all capital expended upon them. 





THE MANUFACTURE OF IRON AND STEEL RAILS. 


By Joun B Pearse, Superintendent of Pennsylvania Steel Works. 
Transactions of the American Institute of Mining Engineers, 


In order to get an idea as to the strength 
of steel rails, it will be well to review the 
tests to which iron rails have been sub- 
jected. In England, Mr. Ashcroft found 
that the best 80 lb. rails broke under a 
300 Ib. weight, falling 15 feet. In Ger- 


many the Society of Railway Managers 
determined on and have long applied a 
test of 1,000 lbs. falling 10} feet, as the 
standard which all first-class iron rails 
must reach. In this country no inspec- 
tion nor test is applied, but tests made 
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show that iron rails from our most 
reliable makers, break under a six foot 
fall of a 1500 lb. drop as an extreme 
test, most of those tested breaking un- 
der a far less test; some breaking with 
less than a three foot fall of the same 
weight. 

Everywhere where steel has been used, 
engineers have come to the conclusion 
that some test is required to show the reg- 
ularity and strength of the product. As 
compared with iron, the tests which steel! 
will stand are wonderful. After numer- 
ous experiments partially based on the 
experience of the rail-mill at Graz, be- 
longing to the Southern Railway of Aus- 
tria, the Society of German Railway Man- 
agers fixed upon a test of 2,000 Ibs. falling 
13} feet. They found that this test rep- 
resented the steel which suited their 
necessities, and also found that with steel 
of otherwise average purity, this test rep- 
resented about one-half per cent. of car- 
bon, and made it a rule to take no steel 
containing under three-tenths of a per cent. 
of carbon, because it was toc soft. They 
expressed a hope that a harder steel could 
soon be made tough enough to stand the 
same test. In England, a test was adopted 
of 2,240 Ibs., falling 15 to 17 feet on the 
rail on heavy bearings. This test has been 
found satisfactory under heavy traffic on 
average road-beds, and has been invariably 
retained by English makers, and adopted 
by American te 
practical way of ascertaining the qualities 
of the rail. Experiment in Germany and 
experience in England pointed out the test 
corresponding to the proper grade of steel, 
and the test adopted been considered 
the most practical one. The jar from a mod- 
erate weight (2,240 pounds), falling from 
a great height, is more-sudden than that 
imparted by a heavy weight falling a small 
distance, and better adapted to exhibit the 
toughness of the rail. This latter is the 
object had in view in all tests, as it would 
take far too long a time to determine the 
quality of rails by a treatment approximately 
similar to that reveived in the track. An 
objection of some force has been 
against the English method of obtaining 
test pieces. They take one rail from each 
day’s rolling, to indicate the quality of the 
rest. In this way their test becomes a 
matter of chance, and nothing they have 
yet done removed this character. Our 
American practice has been to test every 


ers. It is an expeditious. 





charge, thereby insuring beyond doubt the 
quality of the rails. 

After a short experience with steel rails 
it was found that their homogeneity is their 
distinguishing characteristic; but they 
unite entire homogene'ty with considerable 
hardness as compared with iron. There 
are no layers to peel off, no welds to open 
out, the ends of the rails do not broom out 
as iron rails do,and the head wears uni- 
formly along its whole length. Not only 
is the single rail entirely homogeneous, but 
all the rails made from a single charge 
have exactly the same qualities. Many ex- 
periments on the steel at Seraing, in Bel- 
gium, in Austria, and in this country, be- 
fore and after its conversion into rails, show 
this to be a fact. 

But the hardness is a most important 

int as regards wear. Some first-rate 

nglish rails have been found too soft for 
roads with heavy traffic. Therefore, a rail 
is wanted which will be hurd enough to 
stand abrasion and wear, but strong 
enough to stand al] the strains to which it 
is liable. The railroad engineer’s idea of 
hardness is that quality which imparts du- 
rability without brittleness. Hardness is 
sometimes erroneously associated with brit- 
tieness because some hard bodies are 
brittle, but in steel brittleness arises from 
causes entirely different from those which 
produce hardness. The steelmaker’s idea 
of hardness is a composite one—one that 
results from considering the effects of phy- 
sical structure or grain of the steel, and 
the effects of carbon, phosphorus, and man- 
ganese. The effects produced by the pre- 
sence of these elements far exceed any 
brought about by change of physical struc- 
t:re. Phosphorus and manganese occasion 
brittleness, while carbon in excess is sel- 
dom present, as the processes through 
which the rail passes have a constant ten- 
dency to reduce it. The state in which 
carbon is present in the rail is, however, 
remarkably influenced by mechanical treat- 
ment and the resulting physical structure. 
Those modes of reduction which work 
quickly and forcibly exert a strong influ- 
ence to retain the carbon in a combined 
state, while the slower methods, on the 
contrary, permit some of the carbon to sep- 
arate as graphite. These facts have been 
observed by Gruner and Caron, and have 
been corroborated in Austrian practice, as 


the following analyses of steel will show : 
(a) Steel made for heads of steel rails at 
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Graz, and rolled into shape without ham- 
mering : 

Combined carbon ave 
Graphite......... oc cadeesseses ° 


(b) Steel made at Neuberg and ham- 
mered into shape: 


Both these steels were soft Bessemer 
steel, and from observation I made at the 
two works on the respective quality of their 
metal, I see no reason to doubt their cor- 
rectness. A remarkable point in the mat- 
ter is that the iron at Neuberg was much 
more graphitic than that used atGraz. At 
Neuberg they tapped direct from the blast 
furnace, and their “blows” averaged 
about thirty minutes, some running up to 
fifty minutes. At Graz they remelted their 
iron in an air furnace, and their “blows” 
were much shorter. The iron each works 
used was then of substantially the same 
character, made by charcoal from spathic 
ore. Neuberg made its own iron, while 
Graz bought its own iron largely from Ma- 
riazell and Eisenerz, furnaces not far from 
Neuberg. 

Now, at the Pennsylvania Steel-Works, 
we have a quite graphitic mixture for con- 
version, but we find scarcely any graphite 
at all in the rails—in fact none. Out of 
many tests we have only one, an apparent- 
ly abnormal one, in which the graphite 
amounted to 0.08 per cent., it being gener- 
ally present in too small quantities to be 
estimated. 

Speaking within the limits of steel man- 
ufacture, it is safe to say that brittleness 
has nothing to do with the mechanical 
treatment, yet by this treatment the state 
of the carbon may be controlled and the 





specific gravity and consequent density of 


the steel increased. Rails are brittle when 
too cold-short from the presence of phospho- 
rus and manganese. The proper propor- 
tion of the former forms the must delicate 
point in steel-making, and must always be 
kept within safe limits. No good steel rail 
has ever yet been made with more than 
one-fifth of one per cent. of at gm and 
half that is considered too much by Besse- 
mer. In regard to manganese, our experi- 
ence is not yet fully ripe. Its action, how- 
ever, is far less dangerous than that of 

hosphorus, and in small quantities is 
beneficial. 

We have thus a definite idea of the im- 
portant qualities of steel rails and the prop- 
er tests to show their uniformity. The 
tests made on the steel preclude possibility 
of brittle steel being used, and it is evident 
that those methods of reduction which 
unite the greatest hardness with the nec- 
essary strength are to be preferred. In 
general terms, a steel rail is wanted to last 
a lifetime, and to be strong enough to 
stand all accidents of wear. 

Railmaking begins with the Bessemer 
ingot. This is a block of highly crystalline 
metal, the tensile strength of which is low, 
and which contains some blow-holes or 
bubbles formed by the carbonic oxide re- 
tained by the liquid steel. The inner sur- 
face of these bubbles is generally oxidized, 
and they are apt to be more numerous near 
the surface of the ingot. 

The first steel rails made ten years ago 
were treated like cast-steel. Until 1863 
they were made from ingots seven to eight 
inches square and four and a half feet long 
in four heats. In the first two heats the 
ingot was hammered down to size, one end 
at a time, and swaged in dies to the 
shape of the first pass of the rolls. Then 
the bloom, by this time eight feet long, 
was rolled in two heats through twelve 
passes into a finished rail. 

This process was excessively crude, 
wasting everything a steel-maker cares to 
save, and as the rails were found deficient 
and their weak points tested, it was found 
that the small size of the ingots and the 
little work done on them caused a great 
number of imperfect rails and a very poor 
quality in the steel. At this time the ex- 
pressions of want of confidence in Besse- 
mer steel took shape. We have now, 
however, surmounted all difficulties, and 
produced a reliable uniform quality of steel 
in enormous quantities considered in the 





344 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





light of former capabilities of production. 

e now use very large ingots, which ne- 
cessitate thrice the work formerly applied. 
In 1867 the ingots were raised in England 
to ten inches square, and in 1870 to twelve 
inches square, which is the size in general 
use. In America we have had exactly the 
English experience with smali ingots, the 
efforts to use them to advantage having 
entirely failed. 

Seeing, then, that large ingots weighing 
three-quarters of a ton, and making two 
rails, have been found necessary, it has 
become a question as to what mode of 
working them up gives the best results. I 
think that hammering furnishes the pre- 
ferable product, and my present experience 

oes to justify the opinion. Holling is pre 
erred by some makers because it is 
thought cheaper, but I think the better 
wear of a hammered rail is a strong point 
in its favor. Rolled rails are generally 
softer than hammered rails, for the reason 
I have given, namely, because their carbon 
is apt to be partially separated as graphite, 
and their density is less. 

There have been, in the history of iron 
metallurgy, two noted contests between 


rolling and hammering, in one of which 
the hammer came off victorious, in the other 


the rolls. I refer to the manufacture of 
hammered iron and to that of armor plates. 
Hammered iron is a necessity for smith 


work, and the qualities imparted to it by. 


continued piling and hammering are 
wonderful as compared with ordinary iron. 
The reputation of the Low-Moor and York- 
shire iron tires and plates is world-wide, 
and the steel tyre had in the Low-Moor tire 
for some time a formidablecompetitor. In 
this case the benefits are produced by a 
better texture of the iron and gre: ter duc- 
tility developed by the work done. The 
cinder is thoroughly expelled in the bloom- 
ing and first piling, and may be left out of 
the question. In the other case the object 
was to get as soft and wax-like an ar.nor 
plate as was consistent with the strength 
necessary to resist the impact of the shot. 
As the work done by the shot generally 
used represents in foot-pounds the effect of 
one (gross) ton falling a mile and a half, it 
will readily be acknowledged that there is 
little similarity between the case of an ar- 
mor plate and a steel rail, which has to 
stand a ton weight fallivg only 17 feet. 

In my own experiments on the effects of 
the two processes, I compared ingots of the 





same steel with an average area of respect- 
ively about 75 and 110 square inches, 
arene” section, as they were the only 
moulds I had at the time to compare. I 
found that the rails made of blooms, ham- 
mered from the ingots of the latter section, 
stood over 100 per cent. more than the 
rails made direct from the ingot. The 
bloom was hammered to the size of the in- 
got, and each rolled in two heats, one of 
them a wash heat, into the same kind of 
rails. I tested in this way 31 different 
charges. Weight used was 2,000 lbs., bear- 
ings two feet apart. The rai's from ingots 
stood 21} feet fall of this weight, showing 
1,8, of an inch deflection without breaking. 
The rails from the blooms stood a 43 foot fall 
of the same weight without breaking, and 
showed a deflection of 3,% inches. This 
leaves a surplus of 50 per cent. in favor of 
the hammered rail, deducting 50 per cent. 
for amount due to difference of area of in- 
ots. To show the connection, on a manu- 
acturing scale, of these tests with the ac- 
tual result, I would remark that we made 
13,285 rails out of the ingots of 74 square 
inches average area. Of these there were 
rejected by the railroad, for insufficient 
strength after delivery, 178 rails, or 14 per 
cent. Of the larger ingots we had made 
up to the fall of 1870, 34,320 rails, and had 
rejected for all causes, after delivery, only 
18 rails, or 4, of one per cent., or a quantity 
only +; as large as before. 

We, therefore, continued to hammer, 
but now use an average section of 150 
square inches ; doing two-thirds the work 
under the hammer, and only one-third in 
the rolls. Our rails thus produced stand a 
ton weight falling 174 feet, and leave an 
ample margin of reserved strength. We 
have had recent tests, in which the rail 
stood what was eqnivalent to a ton weight 
falling 70 feet without breaking, but have 
not yet got up to the armor-plate standard 
of a mile and a half. Out of a lot of 1,200 
tons of 58 and 60 lb. rails, not a single 
rail, out of the 439 tests given, broke under 
aton weight falling 164 feet. We have 
since had many similar series. 

The bubbles in the ingotsgive some trou- 
ble in the subsequent working, sometimes 
occasioning cracks in the ingot requiring to 
be chipped out. This we do, as we ham- 
mer the ingot down, without hindering the 
hammer in its work. Rolls are apt to lam- 
inate these bubbles instiad of forcibly com- 
pressing them like the hammer, and it 
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sometimes happens that the bubble breaks 
out on the surface of the bloom, and causes 
a long streak where the metal is not sound. 
These streaks are especially noticeable in 
the head of the rail. In order to obviate 
the cracks resulting from these blowholes, 
a hammer must be associated with the rolls 
to chip out bad places; and this renders 
the rolling process more complicated than it 
would appear at first sight. I do not see 
why it is not simpler to do all the work 
under one tool, namely, the bammer. 

The obj:ctions to hammering, on the 
score of cutting sharply into the metal, are 
not, in my opinion, of weight, as our ex- 
perience agrees with the English, that you 
can hardly have too heavy a hammer for 
steel. We can sirike two full blows of a 
12-ton hammer on the same place without 
deforming or injuring the bloom in any 
way, or making a mark on it deeper than 
3 inch each time. As showing what steel 
will stand, I will say that I have seen, in 
Vienna, Haswell’s hydraulic press reducing 
ingots from 10 inches thick to two inches 
at one squeeze, without injuring the steel, 
which was from Neuberg. It is thus sure- 
ly idle to talk of a hammer as injuring steel 
in any way. The stroke of a heavy ham- 
mer works uniformly through the bloom, 
drawing the interior as much as the sur- 
face. We want to make a hard and tena- 
cious bloom, and the concentrated blew of 
a heavy hammer is well adapted to that 
end. We lose practically nothing in duc- 
tility as compared with the rolls, and have 
ample room within the limits of our 
strength. The chemical composition con- 
trols the brittleness of our rails, and as 
long as we keep that right, we can make a 
comparatively hard rail well adapted to 
wear. 

In regard to the amount produced by the 
two methods in the same time, the hammer 
compares very favorably with the rolls. A 
blooming-mill turns out about 55 tons of 
blooms a day from ingots. We do as much 
as that daily under a 12-ton hammer, and 
have done much more than that for a con- 
siderable time, so that the relative capacity 
of the two is hardly decided as yet. In 
five to six minutes we can hammer down, 
chip, and cut in two, and carry away, a 
large ingot, reducing it to one-third its 
former size ; and in thirty-five to forty min- 
utes do the whole work of getting a heat 
of five ingots hammered complete into 
finished rail-blooms, requiring no subse- 





quent hand-chirping. For three months 
this hammer did an average of abvut 70 
tons of rail-blooms per day, turning them 
out sound and wel! chipped. 

As a matter of interest, it may be well to 
refer to the fact. that at Neuberg, in Sty- 
ria, they use a 19-ton hammer on steel, and 
according to published statements, produce 
under it in a week only 65 tons out of two 
furnaces in 114 turns. They hope, by 
using four furnaces, to get up to 130 tons 
a week. It shows well the spirit of 
American work to compare our product 
with this. We do now over three times 


as much as they hope to do, and do it 
under a hammer of under two-thirds the 
The weight of ingots is about 


weight. 
the same. 

I have explained above my reasons for 
preferring bammered rails, all derived 
from experience capable of easy verifica- 
tion. In practice we have found, as far 
as we could compare hammered with rolled 
rails, that the former stand the treatment 
they have to suffer better than the rolled 
rails. From experience with rails of dif- 
ferent making, rolled and hammered from 
ingots of the same size, I am enabled to 
say that the hammered ones have far less 
rejections on all accounts than the rolled 
ones, and that their strength against sud- 
den jar is greater. 

I believe, therefore, that the hammered 
rails are superior to the rolled in very im- 
portant characteristics. I do not deny 
that rolling may be improved so as to 
equal a hammered rail. That is not im- 
possible, nor improbable. It has not done 
it yet, in my opinion, but when it does, 
I shali be most happy to change my 
opinion. 

In order to show the relative endur- 
ance of iron and steel rails, I would like 
to mention a case that may be regarded 
as furnishing an American experience of 
steel rails, equalling that had on the Eng- 
lish railroads, and especially on the Lon- 
don and Northwestern. The Philadel- 
phia, Wilmington, and Baltimore Rail- 
road laid, in their yard in Philadelphia, 
steel rails on one side of the track, and 
iron rails on the other. The steel rails 
were hammered rails, and were, with the 
iron, laid in 1864. The steel rails wore 
out some 17 sets of the iron rails, and 
then the company stopped the experi- 
ment, laying steel on both sides. 

On a curve of 525 feet radius, steel 
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rails have lasted intact since 1865, and 
are as perfect as when laid, where iron 
rails had before lasted only from three 
to six months. 

None of the rails of the Pennsylvania 
Steel Company, nor of any other com- 


pany in this country, have ever been worn 
out by traffic or shifting work, so that, 
after a five years’ experience of Ameri- 
can makes, I have reason to believe they 
will last at least a generation, under the 
hardest service. 





DIRECT PROCESSES. 


By CHARLES M. DUPUY, C. E. 


The great wealth of magnetic ores in this 
country is exceptional throughout the 
world. While they are of surp»ssing rich- 
ness—almost pure iron—we work them 
into metal at a high cost for labor, and at a 
great waste of fuel and ore. 

It is curious to note the slow develop- 
ment of any art, more particularly the man- 
ufacture of iron, surrounded as it is with so 
many real difficulties, and hedged about by 
so many firmly rooted prejudices. 

Iron ore is mainly a compound of oxy- 
gen gas, earthy matter, and metallic iron. 
Almost the whole theory of reduction of rich 
ores is to volatilize oxygen, for the earthy 
matter may be nearly all washed out be- 
fore heat is applied. Oxygen is the arch- 
enemy. In well-washed magnetic ore as 
usually prepared for the forge fires, nearly 
one-third, by weight, is oxygen, and the 
entire remaining two-thirds is metallic 
Iron, 

Carbon in its various forms, par excel- 
lence, is the reducing agent. At the re- 
quired heat, the oxygen in the ore, having 
@ greater affinity for the carbon, leaves the 
ore, and passes off as carbonic oxide. The 
most perfect system of reduction consists 
in bringing ore, carbon, and heat together, 
in the most exact and economical prepor- 
tions. 

The earliest process, practiced by the 
ancients, and still largely in use to this 
day, is the forge-fire, Catalan forge, or 
bloomery in its various forms. Here, rich 
ore mingled with charcoal, is subjected to 
a blast in a furnace, resembling a large 
blicksmith’s forge, until reduction is effect- 
ed. On the theory that oxygen will leave 
the ore when heated, and unite with car- 
bon, the forge-fire method at first glance 
would seem to be a perfect process. This, 
however, is not the case. While reduction 
is in progress, and until the last atom of 
oxygen has left the ore, it is always ready 
to seize with avidity any “free oxygen” it 





may find in the blast, or draw from the 
surrounding atmo-phere. It is this “ free 
orygen” which so largely consumes the 
fuel and is the means of melting down a 
large proportion of ore to a useless cinder. 
It causes a consumption of 300 to 500 
bushels of charcoal, and over two tons of 
washed or separated magnetic ore to the 
ton of iron, whereas, less that one hundred 
bushels of the former, and less than a ton 
and a half of the latter, would be quite suf- 
ficient, could these objectionable features 
be removed. Another objectionable fea- 
ture to the forge-fire is want of uniformity 
of product. That part of the bloom formed 
nearest the blast is semi-steel, while that 
farthest away is soft iron. 

Fredrick Overman, in his little work on 
steel, says we want purer iron. “The im- 
mense ore beds of New York, New Jersey, 
Missouri and Wisconsin, as well as of other 
States,are unsurpassed in purity, and should 
produce iron equal to the best Swedish, and 
at a much cheaper rate than it can be im- 

rted. Ours are peculiar conditions, and 
resemble those of no other people. We 
should not copy the processes of other na- 
tions, but work out ourown method in our 
own way.” 

The immense deposits of rich cinder from 
the forge fires which had been accumulating 
in England since the conquest by the 
Romans, finally suggested the invention of 
the blast furnace to work them up. It was 
soon found useful to smelt the lean ores, 
which abound so largely throughout Eu- 
rope, and although the invention dates 
back three hundred years with compara- 
tively but few improvements, the blaat 
furnace still continues the great right hand 
of the iron master. 

The cere | of melting down large quan- 
tities of crude material, so as to separate 
the metal from its grosser impurities, in 
large and continuous operations, was cer- 
tainly a great step to keep pace with the 
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rapidly increasing wants of an iron age. 
Still, while the blast-furnace frees the metal 
from its oxygen, and — by specific 
gravity a large portion of its earthy impu- 
rity, it is by no means a perfect instrument 
for the manufacture of superior wrought 
iron. Owing to the variation in the at- 
mosphere, and other uncontrollable c .uses, 
the run of a blast-furnace, from day to day, 
not unfrequently is wanting in uniformity, 
and, besides, is always charged and inti- 
mately incorporated with four to five per 
cent. of carbon. This carbon clings more 
tenaciously to the iron than the oxygen did 
to the ore, for the ore parted with its oxy- 
gen at a red heat, but pig-metal must a 
second time be melted, and skilfully man- 
ipulated for nearly two hours, before it 
gives up its carbon. It is true that the 
second melting, although involving high 
cost for fuel, labor and waste, separates 
quite perfectly the earthy impurities 


which may have remained; yet the fact 
that the forge-fire can exist, and that 
its product is so largely in demand at a 
much higher price, and for purposes that 
puddled iron can not supply, is conclusive 
proof that blast-furnaces do not fill up the 
need for a certain high quality of metal, 


which can only be produced by a direct 
method. The truth probably is, the blast- 
furnace is best adapted to working the lean, 
while a better direct method should be 
adopted for the rich ores. 

he vast deposits of rich ores, yielding 
from 60 to 70 per cent. metallic iron, have 
long demanded a better system of reduc- 
tion. During the past half century, vari- 
ous expedients have been suggested. One 
proposed to subject ore with carbon to heat 
in clay crucibles, until reduction takes place, 
then to empty and hammer the product, but 
it was found the iron adhered to and be- 
came incorporated with the crucible, caus- 
ing waste of the former and destruction of 
the latter. Another suggested ore with 
carbon, heated in gas retorts. Gas retorts 
were tried, but were too perishable to be 
found useful. Another proposed heated 
vertical tubes, or retorts of fire-bricks; these, 
lke the gas retorts, were too soon destroyed 
by a deoxidizing heat to be practical. Still 
another aimed to deoxidize ore with carbon, 
on fire-brick tables, which were heated 
above and below. The sensitiveness of the 
ore to the absorption of oxygen found float- 
ing in the furnace failed to secure a perfect 
deoxidization, and this plan was rejected. 





All these, and many other processes, al- 
though at times producing iron of superior 
quality, were not found economical. They 
have had their day of experiment and aban- 
donment, and still a better direct method 
than the forge fire is demanded. 

The ore seems to require a continuous re- 
ducing heat, from the time it is placed with 
carbon for deoxidization until it is reduced 
and consolidated to iron. Carbon will not 
act efficiently in withdrawing oxygen from 
the ore, if it can find “free orygen” in the 
furnace. Such is the affinity of ore for 
oxygen, that however well the deoxidizing 
process may be progressing, if at any stage, 
until it is completed, the heat is changed 
from a “reducing ” to an “ oxidizing” heat, 
success is measurably defeated, and waste 
the result. 

The whole aim should be to continue a 
reducing heat in the furnace until the ore 
shall be thoroughly penetrated through by it, 
at the same time to shield both ore and car- 
bon by a suitable covering from any free oxy- 
gen, until itis not only reduced, but con- 
solidated to metals. Whatever earthy im- 
purity may remain in the ore after cleans- 
ing, and before the application of heat, is 
readily removed by the high heat required 
to weld the ——— of reduced metal to- 
gether. At this heat the earthy impurity is 
liquefied, and is compressed from the por- 
ous mass of iron, under the hammer, as wa- 
ter is squeezed from a sponge. 

The elder Mushet—the father of iron ex- 
perimentalists—observed the wastefulness of 
its manufacture, both in the forge fire and 
blast furnace, and spent his long and use- 
ful life in the improvement of iron. Among 
various other experiments, as early as 1794, 
he mingled ore and carbon in a crucible, 
and subjected it toa heat which reduced 
the ore and welded its particles together. 
At the same heat, after breaking the cruci- 
ble, he was delighted to be able to hammer 
its contents into a solid bar of iron. Here 
was the real starting point of all the direct 
processes. The containing vessels, retorts, 
chambers or crucibles of various shapes and 
sizes, which since that time have been the 
subject of so many costly experiments and 
disappointments, must necessarily be of con- 
siderable thickness, to withstand, for a sin- 
gle operation, a heat sufficient to pen trate 

rom the outside the few inches in thi kness 
of ore and carbon lying dormant within 
them A heat energetic enough to produce 
a thorough deoxidation in a reasonable time, 
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practically, is too destructive and costly of 
crucibles to be made profitable. To prevent 
this damage, a moderate temperature, reach- 
ing over a longer period, has been tested, 
but a moderate heat only partially deoxi- 
dizes the ore; it requires a high temperature 
to accomplish deoxidation thoroughly, and 
with sufficient energy. Beside this, the 
newly made metal is left in a porous, spongy 
condition, and is peculiarly sensitive to the 
furnace gases. It will receive a varnish 
of fresh oxygen over the innumerable little 
surfaces of its cells or pores or fibres, not 
only while exposed in that condition in the 
furnace, but still more the moment it is 
cooled and penetrated by the pressure of 
the atmosphere, just as every bar of iron, 
after cooling, receives a scale of oxygen on 
its surface. 

To prevent this attack of the atmosphere, 
the hot, spongy iron, without external ex- 
posure, was at once dropped into the ball- 
ing or reverberatory furnace. Still the 
waste proved excessive. This may be satis- 
factoriiy explained. While a portion of the 
oxygen, thrown into the furnace, unites with 
the carbon to supply a welding heat, an- 
other portion penetrates to the infinitesimal 
surfaces of the pores or fibres of spongy 
metal, and these combined surfaces, 80 oxi- 
dized, are of such large extent as to cause 
great waste. 

The aim, then, was to close these pores, 


so as to prevent the penetration of furnace 


gneens by pressing the cooled sponge into 
looms with hydraulic power, previous to 
the second heat. If the ore could have 
been thoroughly deoxidized at first, by the 
application of sufficient heat around the 
crucible, and if the surfaces of the pores had 
not been varnishcd with oxygen, on ex 
posure to the atmosphere, as explained, this 
step might have been successful, but the 
small yield and rich cinder still pointed to 
a defect. 

We may pass by all that class of pro- 
cesses for working ores to metal at one 
operation, on a series of tables or shelves, 
in a reverberatory furnace. The most prom- 
inent of this class is Harvey’s process, on 
which large sums were fruitlessly expended 
for a number of years. They have not been 
successful, because the oxygen of the furn- 
ace is quite as ready to penetrate the cells 
of the partially reduced and exposed ore as 
it is to unite with carbon to support com- 
bustion. For a like reason all furnaces, 
either rotating or fixed, with the flame pass- 











ing through them, and coming in contact 
with the ore, cannot be the most effective. 

For a time there was a process which 
was thought to promise success, because the 
deleterious furnace gases were excluded 
throughout the operation. The ore was 
packed with carbon, in alternate layers in & 
steel converting furnace, to the extent of 40 
or 50 tons, and gradually heated from the 
outside, up to the welding point. In a 
couple of weeks the metal, thoroughly re- 
duced and consolidated, was removed in & 
cool state to the balling furnace. The main- 
tenance of this converting furnace up to a 
high heat for repeated operations would of 
itself have defeated this process, had there 
not been a more serious difficulty. The 
ore, it is true, was thoroughly reduced, but 
was more or less carbonized, up to the con- 
dition of cast iron, but the proc°ss was too 
expensive, for the manufacture of pig iron it 
could never have successfully rivalled the 
blast furnace. 

In following out these various devices, 
they were thought to be fairly based for 
success on the exact results from covered 
crucible in the laboratory, and in keeping 
with the blast furnace and forge-fire opera- 
tions. In the laboratory, the heat applied 
outside of the closed crucible brings all 
the metal either to cast or wrought iron, at 
pleasure, by properly proportioning the 
carbon, because no external oxygen can 
interfere. Deep down and between the 
thick walls of the blast furnace crucible in 
like manner all atmosphere is excluded, 
and the large excess of carbon it contains 
thoroughly decomposes the oxygen of the 
blast. In it the high heat required for 
perfect deoxidization is maintained, and 
the metal, saturated to a high degree with 
carbon by the powerful blast pressure, is 
nearly all saved as a carburet or pig iron. 
The shallow forge fire, with a light blast, 
certainly produces wrought iron in a few 
hours, but with great waste of fuel and ore, 
which is accounted for by the penetration 
of the atmosphere. 

Experience proves that it is clearly im- 
possible to impart sufficient heat from the 
outside of a chamber or crucible to accom- 
plish practically, on a large working scale, 
the results reached by laboratory experi- 
ments in the chomist’s crucible. Nor can 
a high column of ore be uniformly pene- 
trated by a blast of reducing gases forced 
through the mass. As in the German 
“Stuck” or “ Wulf’s” oven, the blast 
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pressure necessary to penetrate to the top 
a high column of ore, at every operation, 
will produce a mixture of cast iron, steel 
and wrought iron, of grades varying from 
the base upward. A low column of ore 
will have the atmospheric object ons of the 
forge fire. It is, further, impossible to 
maintain a welding heat in the ordinary 
reverberatory furnace without having the 
delicate fibres of partially reduced ore 
largely destroyed by the deleterious gases 
to which they will be more or less exposed. 

To ensure an economical, direct method, 
the operation must not pause with the pro- 
duction of spongy iron. As in the chemist’s 
closed crucible, or in the blast furnace or 
forge fire, the process must go on with a 
continuously increasing heat, until the cells 
and fibres, produced by the withdrawal of 
oxygen from theore, are compressed together 
and solidified into a cake, at the pasty con- 
dition of the metal. It is then a commer- 
cial product of wrought iron, either ham- 
mered or otherwise. 

How shall this be accomplished? Some 
years since the writer suggested that rich 
ores, mingled with the proper proportion of 
carbon for reduction, should be placed in 
thin sheet iron cases, of size most conven- 
ient fo handle. Many of these canisters of 
ore, to the extent of several tons, placed in 
a simple, cheap furnace, of a peculiar de- 
vice, in a few hours will become caked and 
solidified to wrought iron without further 
labor, while the encasement will be preserved 
to the end, the wholo to be hammered into 
a bloom or bar at the same heat. 





Deoxidization commences immediately on 
the introduction of the canister into the 
furnace, as proved by the blazing of car- 
bonic oxide from them, which continues 
without intermission until reduction is com- 
pleted. The heat, which is gradually ab- 
surbed, increases in intensity until reduction 
is effected, and the pzrticles of iron are 
pasted or mated together; then canister 
and contents being withdrawn, are welded 
together in any of the ways puddle ball is 
usually treated. 

The sheet iron canister or crucible will 
cost from $5 to $6 to the ton of iron pro- 
duced. It is a convenient, portable pack- 
age, keeping the particles of ore in close 
contact with the exact proportion of carbon 
required fur reduction. It allows the heat 
to penetrate readily on all sides. It is ho- 
mogeneous with the new metal, and welds 
up with it under the hammer. Above all, 
as it shields and protects the ore from the 
blast and furnace gases during the whole 
operation of deoxdation and consolidation, 
the metal 18 of superior quality, and is 
nearly all saved. A series of experiments, 
extending over many y: ars, confirms the 
wr ter in the belief that this process solves the 
problem of the manufacture of wrought iron 
direct from the natura! oxides, on any seale 
of magnitude, and at a cost, both for plant 
and manufacture, which will effect a great 
saving over the indirect method. The re- 
sults of these experiments, in the form of 
samples of metal taken at all stages of the 
process, are open to the inspection of any 
one interested in this subject. 





FURNACES AND THEIR CONSTRUCTION AND MANAGEMENT* 
By M. CHARLES FAIRBAIRN. 
““The Engineer.” 
Within the last two or three years a|too suddenly upon us, and has been 


great change has taken place in the con- 
ditions under which our manufacturing 
supremacy has been maintained, and, 
whether we bleieve the unpalatable fact 
or not, there is not the slightest doubt 
that the sudden and rapid increase in the 
price of materials and labor has tended 
to place us more in a position of equality 
with competitors whom we were wont to 
overlook and despise. The change came 





* Read before the Edinburgh and Leith Engineers’ 
Society. 





too sweeping and arbitrary in so short a 
time, inasmuch as the neceesary improve- 
ments in labor-saving machinery and 


| its introduction could not be attempted, 


far less completed, in substitution of 
manual labor and many expensive pro- 
cesses we have so long allowed ourselves 
to become habituated to. At the same 
time I believe that the revolution which 
has taken place will ultimately prove 
beneficial. 

The change has to a great extent been 
secured by powerful combinations among 
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the industrial classes directed to one point, 
and whether that power has been judi- 
ciously applied is apart from our subject, 
except in so far as it has given a greater 
desire snd more necessity for those im- 
provements in machinery which at less 
cost and by more rapid production will 
inevitably reduce the prices of materials, 
which have been increased far beyond 
their normal value. In this sense the puk- 
lic are nearly always gainers in the course 
of time. I1t must be evident to every 
thinking mind that the arts and manu- 
factures are every day becoming more in- 
timate with and dependent on the sever- 
er sciences in a more recognized form, 
and that as we move onward in the 
career of improvement that connection 
becomes more and more intimate; and as 
the applied sciences derive their facts 
from experiment, and the deductions on 
which their utility depends belong to the 
province of abstract science, so in all de- 
partments of human industry and knowl- 
edge we are all mentally dependent—the 
chemist in his laboratory, the philoso- 
= in his study, and the artisan at his 

nch, are all working towards one great 
end, acquiring new facts and adding to 
the sum of our experience. 

The mutual assistance and aid rendered 
by this division of labor has probably 
stimulated the spirit of inquiry and dis- 
covery more forcibly from the unusual 
position in which we find ourselves placed 
with regard to the cost of materials and 
labor, because now when the pressure has 
come we begin to realize the truth that in 
many instances the fact of having an 
abundant and cheap supply has been the 
cause of apathetic indifference and reck- 
less wastetulness. Accordingly we have 
failed in a great many instances to utilize 
our experience of the beneficial effects 
which improved machinery has conferred 
on us, in a great many of our manufac- 
tures, during the last half century; and 
if, as I believe, the unreasonable demands 
of labor have only stimulated us to more 
intense activity in the direction of im- 
provement, it has accomplished more 
good indirectly than we are ready to ad- 
mit at first sight. 

Perhaps not any of the materials in use 
in our manufactures, and upon which 
our prosperity depends peculiarly, have 
been so much and so recklessly wasted 
as those great stores of fuel so providen- 





tially placed within our reach. It would 
almost seeem as if we were endeavoring 
to ascertain the truth of the fable of the 
goose that laid the golden egg, by killing 
our goose as hard as ever we can. It 
may or may not be true that our coal 
stores are being rapidly exhausted, but 
this much is certain, that every day brings 
that time nearer when our coal will be 
more expensive to get, and necessarily less 
ot it; and we do not yet see our way to 
finding a substitute at anything like a 
reasonable costs. True we hear a great 
de:] of nonsense talked about the decom- 
position of water supplying gas at a cheap 
rate, others suggest electro-dynamic en- 
gines; but so far as we know yet—and [ 
am afraid so far as we are likely to know 
—there is no source of power at all ap- 
proaching to coal for cheapness, and 
there does not appear any probability of 
heat engines ever being supplanted by 
electricity or galvanism, of which such 
costly material as zinc or other metals 
supplies the force. 

Dr. Joule, in some experiments con- 
ducted some time ago, ascertained that a 
grain of zinc consumed in a galvanic bat- 
tery generated sufficient power to raise 
145.6 pounda one foot high. Now it 
has been proved that a grain of coal con- 
sumed by combustion exerted a power of 
nearly 1400 foot-pounds. This is nearly 
ten times the power given out by the 
zinc. It is said, however, that thermo- 
electric engines utilize the initial force 
supplied about four times better than 
heat engines, which would make a grain 
of zine give about two-fifths of the pow- 
er of a grain of coal. But zinc costs from 
forty to fifty times as much as coal, while 
it gives only two-fifths of the efficiency. 

During a number of years I have been 
trying experiments with furnaces, with a 
view to the economy of fuel. As opportuni- 
ty occurred, the furnaces I experimented 
on have been of various kinds, but lately 
they have been what are know as rever- 
beratory furnaces, chiefly used for pud- 
dling and reheating iron. Before enter- 
ing upon a description of the furnace I 
found to answer my purpose best, I will 
briefly desribe what a furrace should be, 
and how it should be constructed to an- 
swer all the conditions requisite for econ- 
omy of fuel; and, secondly, our furnaces 
as at present constructed, and why they 
are so wasteful. The great variety of 
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kinds of fuel, although they contain near- 
ly the same ingredients, but in different 

portions, renders it a somewhat diffi- 
cult task to define what a furnace should 
be. Hydrocarbons, such as pitch, tar, 
naphtha, and petroleum, have all to pass 
into the gaseous state before they can be 
burned. 

Coke, which is coal with all the bitum- 
inous and gaseous portions taken out of 
it, is nearly pure carbon with a small 
proportion of ash. 

Anthracite coal, which is very similar 
in its nature to coke, is almost wholly 
composed of free carbon. It is liable to 
split and fall into powder, it burns with- 
out flame, and with very little smoke, and 
requires a very strong draught. 

Bituminous coal, again, of which there 
is an immense variety, has a smaller pro- 

rtion of carbon with a mixture of hy- 
een aud oxygen. From this it will 
appear evident that special provision 
must be made for a supply of air to sup- 

rt combustion instead of the different 
inds of fuel used. Thus, a furnace ar- 
ranged for burning bituminous coal might 
be very wasteful in burning anthracite 
coal; due regard then must be paid in all 
cases to the character of the fuel employed. 
The indispensable conditions attached to 
a good furnace for all sinds of fuel are: 
[1] A good draught which can be regu- 
lated at will, so as to avoid forcing the 
fire too much; (2) a large and roomy 
combustion chamber surrounded by fire- 
bricks, and removed, if possible, from the 
place where the heat is to be used; (3) 
that the sides or walls of the furnace have 
at least two thicknesses of bricks nearest 
the fire, and an outer wall having an air 
me between of about three inches; (4) 
t the supply of air to the furnace can be 

ated at will. 

do not think we can always command 

all these conditions, especially in a fur- 
nace constructed on the principle of de- 
mding on atmospheric pressure for 
ught; and the reason is obvious, be- 
cause in order to maintain a good and 
equal draught we require not only a tall 
chimney, but the chimney must be main- 
tained at a high temperature, about 600 
deg; and as the temperature within the 
furnace may be assumed at 2500 deg., the 
abstraction of this large quantity of heat 
to keep the chimuey at a sufficiently high 
temperature amvuuts to one-fourth of the 





heat, and consequently the fuel which is 
expended for this purpose alone. Nor is 
this the only drawback. The attendant 
on the furnace, who may, and often has 
other duties to perform, puts on a heavy 
load of coal. The flues and chimney are 
rapidly cooled, and the power of the draught 
reduced at the very time when it should 
be greatest. The second and third condi- 
tions mentioned may assist in getting over 
irregularity in the power of the draught to 
a certain extent—that is a large and roomy 
combustion chamber, and the sides con- 
structed to prevent loss of heat. I do not 
suppose any person who has not had an 
opportunity of seeing a furnace in opera- 
tion with the heat confined in the manner 
described could have believed the effect 
would be so powerful ; the inner lining ac- 
tually acquires a white heat, thus serving 
as an accumulator, which is given out 
again when the temperature of the fire is 
reduced (as in the case of a fresh charge of 
fuel), and at the same time assisting to 
bring the fresh fuel into active combustion 
more rapidly ; the heat is again returned 
to the fire-bricks, and kept ready for future 
use. 

Doctor Siemens has taken advantage of 
this idea, although in quite a different 
way, in his celebrated gas furnace ; and as 
it has been very effective in economizing 
fuel in very large iron manufacturing 
establishments, I will try and describe it 
briefly here. A close furnace is constructed 
entirely of fire-brick, and capable of hold- 
ing several tons of coal. The grate bars 
slope at an angle of 45 deg., so that the 
fuel as fast as it is consumed slides down 
on the top of the fire, making the furnace 
in a manner self-feeding. The fire is° 
lighted from the bottom, and just enough 
air admitted to support a slow combustior. 
The small quantity of carbonic acid tormed 
at the bars where the air gets tree access 
is decomposed as it passes through the 
mass of incandescent fuel above, and tak 
ing up more carbon is converted into car- 
bonic oxide. ‘The products of combustion 
are carbonic oxide, hydrogen, and oxygen. 
These products are passed on through a 
pipe into a furnace, receiving on their way 
the requisite quantity of air, and becoming 
thoroughly mixed with it, are consumed in 
the furnace. The calorific effect of this 
furnace regarding the distribution of the 
heat developed has been investigated by 
Kraus, and may be condensed thus: 
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Amount of heat expended in the first pro- 
cess, 31.7 per cent. of theoretical effect of 
complete combustion, that is in obtaining 
the gases. Thus, heat lost in the chimney 
and in transmission from the gas-produc- 
ing furnace to the gas-consuming furnace is 
about 23.86 per cent. leaving 76.14 per 
cent. to be utilized. Again, taking into ac- 
count the loss—if we may call it so—of 
81.7 per cent. In producing the gas, the 
total duty of the coal used, 52 per cent. 
and 48 per cent., represents the loss. This 
appears a very large percentage of loss, but 
when we take into consideration the enor- 
mous loss in the ordinary furnace this almost 
seems trifling by compari on. Of course 
this estimate takes the total or theoretical 
heat as contained in the coal. ‘The Siemens 
furnace requires great care in its manage- 
ment, and is said to be mvre useful for 
heating large masses of iron for forgings 
or long bars than for puddiing or the in- 
tricate processes of iron manutacture. 

If I have been so fortunate as to make 
my description intelligible, it is clearly evi- 
dent that this must be, and really is, a very 
economical furnace. None o! the combus- 
tible gases can escape, and what is of very 


great importance is the exactness with 
which the air can be supplied. I have 
purposely omitted a great many details 
which those among you acquainted with 
the furnace will perceive, but | only wished 
to convey a general idea of its construction, 
and have introduced it here on accuunt of its 


novelty and ingenuity. At the same time 
I by no means accept it as, in all respects, 
a model on which to construct furnaces, 
but it is celebrated as the best at the pres- 
ent time for some purposes. 

Siemen’s furnace, however suitable for 
large establishments where a great number 
of furnaces have to be supplied with gas, 
is clearly too cumbrous and costly for 
smaller places, and the question arises— 
can we not effect, approximately at least, 
a similar result in single fu: uaces to what 
is done by the Siemens furnaces? I think so. 

We will now consider our furnaces as at 
present constructed, and why they are so 
wasteful. We hear a great deal about thin 
fires and regular charges in the ordinary 
furnace ; and this is quite currect, inas- 
much as it is the omy way by which a 
right supply of air can be introduced to 
mix with and consume the gases. There 
are always two dangers we have to avoid. 
One is too much air, which is the least of 





| the evils, and in which case a very large 


body of air passes away unconsumed, but 
it also carries away w.th it a certain 
amount of beat which cools the furnace 
and impedes the draught. The other evil 
of too little air is still more injurious, for 
the gases having only a small sare of the 
oxygen required are burned into carbonic 
oxide, and this very often avcounts for the 
deficient supply of steam from a boiler in 
consideration of the coal burned. But 
these fires are liab'e to burn into holes and 
admit streams of cold air; nor is this the 
only objection, for when the fire is fed with 
fresh coal, which must of necessity be very 
often, the new coal absorbs a large propor- 
tion of the heat of a thin fire, und imme- 
diately lowers the temperature. The fire 
contains a certain number of units of heat. 
If twice the quantity of coal! was in active 
combustion there would be double the 
number of units of heat, and it could there- 
fore more easily sustain the reduction of 
temperature following a fresh charge of 
coal. | imagine the d.stillation of gas from 
coal or volatilization is a process similar to 
steam carrying off the heat from boiling 
water. The coal at first becomes an ab- 
sorbent of the heat and then liberates the 
gases, and the volatilization of the bitumin- 
ous portion of the cval acts in a similar 
manner to the production of steam, as I 
have said. The process is one of the most 
energetic known in covling, because there 
is so large a po: tion of the heat couverted 
from the sens.ble to the latent siate. Re- 
garding the quantity of air r quired in the 
ordinary furnace for the combustion of coal, 
I suppose very few people have any idea of 
the magnitude of ‘he demand. It is gen- 
erally given as 300 cubic feet, or 24 lb. of 
air to lb. of coal. Let us place this in 
another light. In my own establishment 
in Gateshead I have seven furnuces, each 
of which uses about one ton of fuel per 
day, in all about seven tons; therefore 
7x 24 = 168 tons of air{required. Again, 
a pound of coal requires about 300 cubic 
feet ofair. If we imagine the 168 tons of 
air made into a long stream of one square 
foot in area, the total length will be 21,381 
miles in length. Another great cause of 
the loss of heat, as befwre stated, is the 
quantity of heat continually passing away 
to the chimney. I have said that a furnace 
may be more efficient for one kind of fuel 
than another ; but the principal causes of 
loss in the ordinary furnace I have stated 
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above, and which I will again enumerate 
here :—(1) Loss of coals in firing. The 
best coal is often small and very brittle, 
and in stirring the fire a large quantity 
falls through the spaces between the bars, 
more especially when tbere is a necessity 
for hard firing to promote combustion ; (2) 


the loss from unconsumed gases passing | 


away, being burned into carbonic oxide 
from want of the requisite quantity of air; 
(3) loss from too much air, either from the 
fire burning into holes and allowing the 
air to pass through, or absence of means 
for regulating its admission; (4) loss of 
heat by radiation through the walls of the 
farnace ; (5) loss from the quantity of heat 
passing to the chimney. One difficulty— 
that is, regulating the supply of air to the 
furnace—can only be overcome by artificial 
means, either by a fan-blast or steam-jet. 
I believe the time is fast approaching when 
the supply of air to furnaces wi!l be regu- 
lated in this way as the most efficient and 
economical, and as obviating a great many 
of tue faul:s of our present furnace. The 


idea is old enough. However, the arrange- 
ment of furnace I will describe presently 
may or may not be new. I never saw it 


before, nor am I aware that anything of 
the same kind has been tried, and to it I 
have added a supply of air by means of a 
blower. In this furnace, of which the 
drawing is a longitudinal section, the coal 
is introduced from the top, and is always 
on the top of the incandescent fuel, at the 
side of the furnace furthest from the 
place where the flame makes its escape. 
The hearth is of fire-brick, and during the 
meal hours ali the ashes and clinkers are 
removed by the hole in the side of the fur- 
nace. The area of the hearth is about two- 
thirds of the area that it was previously ; 
the blast is introduced above the new coals, 
and passes through them. As the coals 
begin to ignite, all the inflammable gases 
are forced through the fire, and at the same 
time mixed with air. The advantages with 
this kind of furnace seem to be the follow- 
ing:—(1) The whole of the gaseous pro- 
ducts are made available ; (2) there is en- 
tire absence of smoke, in consequence of 
perfect combustion ; (3) there is a smaller 
quantity of air required, probably about 
one-fourth less, that is, about 18 lb. to 1 Ib. 
of coal; (4) no increase of temperature 
above the external air is required in the 
chimney, and the escaping heat from the 
furnace can be used for other purposes ; 
Vou. XI.—No. 4.--23. 
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(5) a higher temperature in the furnace, 
and more rapid circulation of heat; (6) 
the perfect control which the attendant has 
over the furnace as regards temperature, 
getting the fire lighted and into operation 
in less time, when they have not been in 
use. There is also another very important 
point in connection with this me:hod of 
making reheating furnaces—that the air 
can be so nicely adjusted by means of the 
blast and damper as to insure that nearly 
all the oxygen will be taken up by the car- 
bon and gases, in consequence of which 
the iron is heated with scarcely any loss 
from oxide or scale. The balance of pres- 
sure can be made so that even when there 
are unprotected inlets to the interior of the 
furnace, the flame can be made to come to 
the edge of the open space. I believe the 
efficiency of the furnace might be largely 
increased by using hot air, which might 
be done by passing it through pipes or 
brickwork placed in the flues ; for if we have 
the heat of the furnace 2500 deg., and the 
entering air heated to 500 deg., the result 
would necessarily be a great saving. On 
this point we have the experience of blast 
furnaces as an indication of what might be 
saved by this means alone. 

The application of this method of con- 
structing furnaces is more difficult to exist- 
ing steam boilers, and this we can only ac- 
complish by constructing a separate com- 
bustion chamber, in which the gases could 
be properly ignited before passing below 
the boiler. There is no doubt that the fur- 
naces of ordinary steam boilers are ex- 
tremely faulty. A long tube of small 
diameter, in which the complicated pro- 
cesses of mixing the air with the combus- 
tible gases, of distilling these gases, and 
igniting them while they are hurried away 
over the surface of the plates of the boiler 
at high speed, cannot in any sense be made 
economical. In this case these fires are 
really indispensable, and while we have 
the cooling effect inseparable from the dis- 
tillation of gas from coal, and then the 
cooling effect added of the flame coming in 
contact with the boiler which has to be 
heated. Dr. Ure says on this point, 
“When a boiler is set over a fire it should 
not be too near the grate, lest it refrigerate 
the flame and prevent that vivid combus- 
tion of the fuel so essential to the maximum 
production of heat by its means; and this 
is simply what wedo. Marine boilers have 
all the faults enumerated above. There is, 
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however, more reason for their use in this 
manner, from the small space they are al. 
lowed to occupy for the work they have to 
do; but even in this class of boilers the 
principle of the blast might be introduced 
with advantage, if the furnaces were made 
a little larger in order to allow a thick layer 
of coal on the bars. There would be, of 
course, danger to the boiler either from a 
stream of flame or cold air being projected 
against the plates. Another cause of waste 
in marine boilers arises from the furnaces 
and tubes having to work a long time with- 
out being properly cleaned. My own ex- 
— in more than one of the large At- 
antic steamers showed that on beginning a 
voyage with clean boilers the consumption 
of coal per indicated horse-power was about 
5 lb. of coal ; after ten days it had increased 
to 104 lb. of coal per horse-power. 1 have 
mentioned a stream of cold air as being 
sometimes dangerous to a boiler. I will! 
here give an example from my own ex- 
perience. One of the forward furnaces 


about nine days after starting our voyage 
began leaking badly and put out the fire; 
we got it repaired in port, and some time 
after it gave way again at the same place, 


for some reason. We had shortened the 
lower bars in that furnace, and this brought 
the bridge forward nearer the mouth of the 
furnace ; in the course of time the portion 
of the Fridge above the bars got worn and 
sloping backwards. There was a windsail 
or ventilator in front of this furnace, which 
brought cold air down from above to the 
boiler-room ; it struck me this was the cause 
of the mischief. When the men were clean- 
ing the fire out—this is done every eight 
hours—the cold air rushing down the wind- 
sail entered the furnace with great velocity, 
having the impetus of its own force and the 
draught in the furnace, and striking against 
the bridge was deflected by the angular 
point against the plate in the furnace, or 
rather at the bend upwards from the fur- 
nace towards the tube plate, which by the 
violent contraction gave way.” 

I have again to mention that a furnace 
which will suit admirably for one kind of 
coal will not answer for another. Thus, 
the conditions under which coke and an- 
thracite coal enter into combination with 
oxygen are much less complex than in 
burning bituminous coal, and the great 
point to be observed is that a large quantity 
be kept on the bars; there is not so much 
danger of the carbon passing away without 





its supply of oxygen—in fact it cannot do 
so, as it cannot rise until it has its quantity 
of oxygen to liberate it. In bituminous 
coal the bituminous portion is only service- 
able for heat when converted into gas, 
while the carbonaceous portions are con- 
sumed only in the solid state, and they must 
be separated, as explained, before they can 
be consumed. Thus, when coke or anthra- 
cite coal are burned, the products are car- 
bonic acid gas and nitrogen; while with 
coal we have carburetted hydrogen, nitro- 
gen, and carbonic acid gas or oxide. 
Again, to enable us to compare the quan- 
tities of heat in different substances, we 
are compelled to use some standard by 
means of which any quantity of heat may 
be measured, and the standard generally 
used is the thermal unit, or quantity of 
heat required to raise 1 ]b. of water 1 deg. 
Fah. In algebraical formule this quantity 
is usually shown by the letter J, in honor 
of Dr. Joule, who discovered this unit of 
heat. Dr. Joule found by careful experi- 
ments that the power developed by the fall 
of a pound weight through 772 ft. will 
raise the temperature of a pound of water 
1 deg., and this is called the mechanical 
equivalent of heat. The investigations of 
Messrs. Faber and Silberman regarding 
the total heat of combustion in thermal 
units are generally recogniz-d as the stan- 
dard now, and they have been condensed 
by the late Professor Rankine, of Glasgow, 
as follows: “The burning of carbon is 
always complete at first, that is to say, 1 lb. of 
carbon combines with 23 lbs. of oxygen and 
makes 34 lbs. of carbonic acid ; and although 
the carbon is so.id immediately before the 
combustion, it passes during the combustion 
into the gaseous state, and the carbonic 
acid is gaseous; this terminates the process. 
When the layer of carbon is not so thick, 
and the supply of oxygen is not so small 
but that oxygen in sufficient quantity can 
get access to all the solid carbon, the quan- 
tity of heat in thermal units is 14,000 to 
each pound of carbon. But in other cases, 
part of the solid carbon is not supplied di- 
rectly with oxygen, but is first heated and 
then dissolved into the gaseous state by the 
hot carbonic acid gas from the other parts 
of the furnace. The 33 lbs. of carbonic 
acid gas from 1 Ib. of carbon are capable 
of dissolving an additional pound of carbon, 
making 4% lbs. of carbonic oxide gas, and 
the volume of this gas is double ot that of 
the carbonic acid gas which produces it. 





FURNACES AND THEIR CONSTRUCTION AND MANAGEMENT. 


355 





In this case the heat produced, instead of 
being that due to the complete combustion 
of | lb. of carbon, which is as we have 
said = 14,500 units, falls to the amount 
due to the imperfect combustion of 2 lbs. 
of carbon burned to carbonic oxide; thus 
= 2. X 4400, being the number of units 
of heat in carbonic oxide = 8,800 units, 
showing a loss of heat = 5,700 units, which 
disappears in vulatilizing the second pound 
of carbon. Should the process stop here, 
as it does in furnaces badly supplied with 
air, the waste of fuel is very great, as the 
carbonic oxide has a large quantity of car- 
bon in it which is dissipated in the air with- 
out any useful effect. But when the 43 lbs. 
of carbonic oxide gas, containing 2 lbs of 
carbon, is mixed witha sufficient supply 
of fresh air, it burns with a blue flame, 
combining with an additional 23 lbs. of 
oxygen, making 74 lbs. of carbonic acid 
gas, and giving additional heat of double 
the amount due to the combustion of 1} lb. 
of carbonic oxide; that is to say, 2 lbs. of 
carbonic oxide 10.100 & 2 = 20.200 units, 
to which being added the- heat produced by 
the imperfect combustion of 2 lbs. of car- 
bon, or 4.400 *K 2 = 8,800, there is ob- 
tained the heat due to the complete com- 
bustion of 2 lbs. of carbon, or 14.500 X 
2 = 29,000 units. Knowing the total 
number of thermal units in any combus- 
tible, we can soon ascertain the highest 
temperature that can be produced in the 
furnace with any kind of fuel; the pro- 
ducts of combustion of coal being carbonic 
acid, nitrogen, steam and ashes. Aud if 
we take the means of the specific heat of 
these products, we find that they come very 
near the specific heat of the air. Again, 
as 12 lbs. of air will supply as much oxygen 
(supposing the whole of the oxygen to be 
taken up) as will be sufficient for the com- 
bustion of 1 lb. of carbon, the total weight 
will be 12 lbs. of air + 1 Ib. of carbon 
= 13 lbs. Now the total heat of carbon 
we have seen is 14.500 units of heat, and 
the mean specific heat of the products of 
combustion is 0.238 ; thus this mean specific 

14500 


heat x 13 lb. of air = 3.094 and > ona 


gives 4691 deg. ; this, however, is on the 
supposition that every atom of oxygen is 
used. IPf twice that quantity is used, as is 
usually the case, then the temperature will 
be 2437 deg. If we take w forced draught 
by fan or otherwise, by the same calcula- 
tion we arrive at a temperature 3137 deg. 





—the supply of air being 18 lb. to one 
pound of carbon. These figures are rather 
complicated to carry in the mind, and per- 
haps might have been dispensed with here. 
But there is one result we arrived at in 
their use we may follow a little further— 
we find that there are 14,500 units of heat 
in a pound of carbon, which if it could be 
all used in a steam engine would give stu- 
pendous power; we found that the unit of 
heat =772 foot-pounds and 14,500 x 772= 
1,119,400 = or 339-horse power ; and there- 
fore, when we speak of a loss of about 60 - 
per cent., we are left with 136-horse power ; 
and as in the Seimens furnace he claims to 
save 40 per cent. on the latter, we arrive at 
190-horse power from one pound of carbon. 
It is supposed that in some instances we 
have realized about 70 per cent. of the 
theoretical heat in fuel. This I would be 
inclined to doubt. We have seen that with 
the ordinary furnace we lose about 25 per 
cent. in getting a draught; we have to 
add to this loss from small coal, too much 
or too little air ; the products of combustion 
flying off to the chimney at a speed of 30 ft. 
in a second in some instances, it must be 
abundantly clear that 50 per cent. of the 
heat of fuel’we use is lost. It was stated 
not many weeks ago that, in some pro- 
cesses in connection with the manufacture 
of ivon, the quantity of fuel used was suffi- 
cient to produce the desired result fourteen 
times if properly applied. I think it is 
clear we begin by placing the chimney at 
the wrong end of the furnace, and the air 
ought to be driven in, not drawn though. 
We have seen that when a blast is used 
we can have a pressure in the furnace suffi- 
cient to balance the pressure of the atmos- 
phere. The waste heat could also be made 
to do work in passing away. I dare say 
most of us now present can recall instances 
to our mind where a number of furnaces 
are used, and where the heat of one, if it 
could be retained and applied, would be 
amply sufficient. The blast, then, is the 
only means of doing it, and I do not think 
the time is far distant when the hideous 
pillars we seem so fond of now will be no 
longer seen. 

I have implied that the pesition in which 
we find ourselves with rezard to the cost 
of the materials and labor will probably 
accomplish more in this direction than the 
mere intellectual activity of a few eminent 
men striving after greater perfection, be- 
cause they will not be listened to until 
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ete pan compels attention. Thomas 
arlyle says very finely, ‘“‘ Alas! there is no 
possibility for poor Columbus now at any 
of the public offices, till once he becomes an 
actuality, and says, ‘ Here is the America 
I was telling you of.” A hopeful sign, 
however, and one sure to have beneficent 
results, is the exhibition to be held in Man- 
chester in a short time on this subject. 
There is indeed plenty of room for improve- 
ment; there is an abundance of facts on 
which to exert our reasoning powers, and 
ample space for experimental research. 


We want new ideas or thoughts, which, 
after all, govern the world. This is at least 
the lesson which our experience teaches as 
we grow older ; and if with our progress 
we learn a wise humility, we will also learn 
that the more we know and acquire, the 
more our ignorance and dependence be- 
come apparent to ourselves. We learn 


also that, strive as we may, we never get 
beyond the border-land of knowledge, and 
that there are secrets beyond that boundary 
which will never be revealed on this side 
of the great change which awa ts us all. 
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From “ Iron.” 


Probably no one instrument is of more 
use to the thoroughly practical chemist and 
assayer than the blawpipe, and yet none is 
more unjustly neglected. It is a matter of 
common observation among those who 
watch students that they rush over the 
“ preliminary examination ” of the unkown 
substances given to them as exercises, with 
an unwise haste, anxious to reach what ap- 


a to them the real business of analysis. | 


any a time have we seen a judicious 
teacher check his careless pupils, and show 
them, with blowpipe, tube and charcoal, 
how they can ascertain not merely the road 
which they ought to ‘ollow in making a 
full analysis, but how, with these simple 
implements, they may learn in a few min- 


utes almost as much as they need, in the 
majority of practical cases, about an un-| 


known or commercial product. We by no 
means think that blowpipe analysis should 
be practised to the exclusion of the wet 
method; but we are strongly of opinion 
that it deserves a great deal more attention 
than it usually receives. A brief consider- 
ation of the development and present con- 
dition of this branch of chemistry will jus- 
tify this opinion. ~ 

The blowpipe, in the common form still 
in use by braziers and other workers in 
metal, has been used in the arts for ages— 
possibly even by the ancient Egyptians. 
in the early part of the eighteenth century 
it appears first to have been employed for 





** Plattner’s Manual of Qualitative and Quantitative 
Analysis with the Blowpipe.” From the last German 
edition, Revised and Enlarged. By Professor Th. 
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¥ John H Caswell cond Edition, revised. (New 
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scientific purposes, by Anton von Swab, a 
Swedish mining director. He seems to 
have used the blowpipe for the discrimina- 
tion of ores and minerals. His country- 
man Cronstedt, the mineralogist, was large- 
ly indebted to the blowpipe in erecting his 
chemical system of mineralogy, an account 
of which he published in 1758, and in von 
Engestriém’s English translation of this 
work appears a full account of Cronstedt’s 
method of using the blowpipe, and of the 
behavior of minerals before the blowpipe 
flame, alone and with fluxes. Bergmann 
greatly extended the usefulness of the 
blowpipe by employing it in qualitative ex- 
aminations of every kind. He proved that 
by the aid of this miniature furnace ele- 
ments which had hitherto escaped detec- 
tion by more formal methods could be 
easily discovered, and but four ill-health he 
might have done even more. His pupil 
Gahn carried on the work, and was so dex- 
| terous that by a simple examination of the 
| newly-discovered mineral oxide of tanta- 
lum, he discovered that it contained less 
| than 1 per cent. of tin. To Berzelius, how- 
ever, we are indebted for the basis of the 
modern science of the blowpipe. Gahn did 
not record his experience, though he showed 
} the greatest liberality in communicating his 
knowledge. He selected Berzelius as a 
\ favorite pupil, and to this eminent man we 
owe a work which was long the standard 
one upon the whole subject, and which 
may still be consulted with profit. 

After Berzelius came Harkort, who es- 
tablished the practicability of employing the 
blowpipe in far more delicate work than 
had previously been attempted, or even 
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conceived possible. Hitherto only qualita- 
tive determinations had been aimed at with 
the blowpipe. Harkort, in 1827, perfected 
a quantitative blowpipe assay of silver. 
His early death stopped his prosecution of 
this line of research ; but Plattner proved 
himself a worthy successor, and we have in 
the work before us a compendium of 
almost all that is known of this important 
branch of practical chemistry. The book 
is truly Teutonic in its ponderousness, its 
minuteness of detail, and its comprehen- 
siveness; but it is a worthy neighbor of 
Fresenius on our shelves, and calculated to 
be quite as useful. Possibly it may be 
somewhat too full—there is some evidence 
of this in a few places where the transla- 
tors confess that they have not wholly fol- 
lowed the minute details of the original— 
but in a book of reference this is more 
pardonable than deficiency. 

Perhaps our readers will obtain a better 
idea of the nature of this book if we refer in 
some detail to two or three selected sections. 
We must premise that the first 120 pages 
comprise a description of apparatus, man- 
ipulation, etc., and tables of reactions, in 
which we should like to have seen included, 
as closely related to the subject, the reac. 
tions with the Bunsen burner, recently de- 
scribed by Bunsen himself. Abstracts of 
these are, however, accessible in Mr. 
Vacher’s last edition of Fresenius’s “Quali- 
tative Analysis,” and in the “Owens Col- 
lege Junior Manual of Practical Chemis- 
try.” Two hundred and seventy pages 
are then occupied with an account of the 
behavior of minerals under the blowpipe, 
with instructions for not merely the detec- 
tion of one or two components, but for their 
separation. This is useful information, 
though possibly none but a Plattner, 
Scheerer, or Richter would think of thus 
performing a detailed analysis. Upwards of 
a hundred pages are devoted to the descrip- 
tion of quantitative blowpipe analysis, an 
appendix and two indexes completing the 
work. The fact that the index of minerals 
and metallurgical products described oc- 
cupies twelve pages of small type, is proof 
enough of the comprehensive manner in 
which the subject is treated. An ab- 
stract of the sections relating to iron will 
confirm this, if confirmation is wanted. 
First is given a list of 120 minerals and 
metallurgical products in which iron occurs, 
described in brief detail, as for example :— 
“Chromite (chromic iron), (FeO,CrO,Mg0) 





(Cr,0,,Fe,0,.Al,0,), occasionally also con- 
taining a little MnO and SiO,; the amount 
of FeO varies from 20 to 36 per cent.” 
Then we have instructions for the examin- 
ation for iron, which include the blowpipe 
characteristics of the minerals and metal- 
lurgical products before mentioned, and 
are divided under various headings. The 
mere detection of iron in any of its com- 
mon salts is, of course, perfectly simple, 
the borax bead or the magnetic residue— 
each of which tells its story plainly—eiug 
easy to obtain. The difficulty is when 
some other element is present to mask the 
reactions. Cobalt may be taken in illus- 
tration, asthe magnificent blue produced 
by its protoxide with borax completely 
overpowers the pale iron color. In this 
case we are recommended to soften the 
bead upon charcoal in the reducing flame, 
and then fuse it upon platinum wire in a - 
pure oxidizing flame. If this makes it so 
dark as to be nearly opaque, the soft glass 
is pinched out, some of it broken off, and 
the remainder diluted with more borax. 
The cobalt is thus, as it were, washed out, 
while the oxidiz ng flame is employed to 
convert all the iron into the sesquioxide, 
which, of course, gives its characteristic 
yellow or brownish red color, according to 
the amount present. The volatile metals, 
as well as su'phur and arsenic, may be 
driven off by continued heating on 
charcoal in the reducing flame. Those not 
thus volatilized, such as copper, may be 
separated partly by reduction on charcoal 
and partly by the solvent action of borax or 
by lead. Various ingenious devices for 
these purposes are described. A few 
points worth recollecting by the student— 
and just those he is least likely to discover 
for himself—are those relating to the col- 
ors of borax or phosphorus-salt beads 
when containing a mixture of oxides. 
Iron peroxide, of course, gives a yellow or 
brownish bead, which may be overpowered 
or changed to green by cobalt; the blue of 
copper also makes it green while hot, and 
a Fittle lighter green on cooling. This fact 
is utilized to determine whether iron is 
present as per- or protoxide, the assay be- 
ing added to a borax bead containing ox- 
ide of copper. With sesquioxide of iron 
the bead becomes bluish green, with pro- 
toxide red spots of cuprous oxide become 
distinctly visible in it. Manganese in 
quantity completely obscures iron, produc- 
ing in the outer flame a bead dark-red 
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while hot, and red, inclining to violet, on 
cooling. Reduction of the manganese to 
protoxide leaves the iron coloration alone; 
this in case of a small quantity of manganese 


can be effected on platinum wire, otherwise | 
itis well to shake off the hot bead and heat | 


it on charcoal in the reducing flame with tin. 


detail, referring our readers to the book 
itself—is essentially that of precipitating 
ferric oxide by ammonia, fusion with car- 
bonate of soda being employed when neces- 
sary, and alumina being dissolved out by 
caustic potash. The constituents of an ore 
which occur in any quantity, such as silica, 


Some of these separations, however, es- | alumina, and lime, can also be determined 
pecially the quantitative ones, cannot by the simple methods described, while 


wholly be effected in the dry way. An/| 
illustration of thie is found in the treat- | 
ment of a mixture of oxides of iron and | 
chromium. In this case the color of the | 


hot bead shows iron, but when cool only 


chromium. Though this gives the means | 
| to practise these methods with dexterity. 


of making a very good guess at these ox- 
ides, it is hardly sufficient to indicate the 
existence of iron with certainty. Hence, 
nitre and carbonate of soda must be used 
to convert chromium into alkaline chromate, 
which is dissolved out, the residue being 
fused up with borax again, when, if other 
coloring oxides are absent, the coloration 
of iron is obtained. 

The quantitative assay of iron next de- 
scribed is really a combination of the blow- 
pipe and the wet methods, intended for 
use only when the appliances for more ac- 


curate methods are not at hand. Very / 


small quantities are employed, an assay 
centner—the weight usually taken—being 
equal to a hundred milligrammes. The 
method—which we need not describe in 





o'‘hers, as manganese, baryta, sulphur, 
phosphorus and arsenic, may be detected, 
though their estimation cun only be ef- 
fected by regular analysis. 

It is not to be expected that more than a 
small minority of assayers will ever be able 


But the mere attempts of a student to 
carry out these instructions of Plattner 
cannot fail to benefit him beyond a little. 
The best workmen frequently work with 
simple tools—witness Davy with his tea- 
cups——and very often even ordinary work- 
men are placed where only simple tools 
are available. So much can be done with 
the blow-pipe and its auxiliaries, which 
may all be carried in the coat pocket, that 
mineral explorers ought to make it a mat- 
ter of duty to know how to use it, and we 
know of no book—after the A B C of 
blowpipe-work has been mastered—in 
which author, translators, and editor have 
done more to aid such students than the 
one before us. : 





ON THE ELECTRO-MOTIVE FORCE OF FLUID BATTERIES. 


From “The Telegraphic Journal.” 


This subject is studied by M. Paalzow 
in arecent number of “ Poggendorf’s An- 
nalen.” Kohlrausch alone appears to have 
previously endeavored to determine the 
electro-motive forces of liquids by the elec- 
trometric method (“‘Pog. Ann.,” Bd. 79, p. 
200). M. Paalzow repeated his experi- 
ments, but without success. The quantity 
sought is not only masked, but often ex- 
ceeded by electricities, which the insulators 
of the measuring apparatus accumulate, 
and which, in the manipulations that are 
necessary, always recur. 

With aid of the galvanometer, on the 
other hand, some good results have been 
obtained. Wild has shown that there are 
liquids which follow Volta’s law of tension ; 
Du Bois Re mond, that by insertion of dis- 
tilled water into the series of members of 





liquid batteries, the highest value of elec- 
tromotive force of liquids is attained. 
Worm-Muller considers that water is elec- 
tromotively indifferent towards all liquids, 
from the fact that Kohlrausch has found no 
difference of tension between water and 
nitric acid, and that the thermal currents 
between water and other liquids are ex- 
tremely weak. Two other facts appear to 
contradict this hypothesis: Faraday found 
that distilled water, in friction with other 
substances, gave the highest tension; and 
Quincke, that diaphragm-currents are con- 
siderable only with distilled water. 

M. Paalzow’s observations refer chiefly 
to the influence of the nature of the separ- 
ating surface on electro-motive force, the 
constancy of this force, and the compensa- 
tion for current work. 
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Previous experimenters have thought it 
ind.spensable to have a sharp surface of 
separation between the liquids. M. Paal- 
zow at first fulfilled this condition. He 
specially studied a liquid battery consisting 
of amalgamated zinc in sulpbate of zinc, 
hydrated sulphuric acid, disti'led water, 
sulphate of zinc with amalgamated zinc. 
The liquids were in a series of large 
U-tubes, the first containing sulphate of 
zinc, the second su'phate of zinc and sul- 
phuric acid, the third sulphuric acid and 
distilled water, the fourth water and sul- 
phate of zine, the fifth sulphate of zine and 
the electrode of amalgamated zinc. The 
zne electrodes were connected with a 
Wiedemann mirror-compass and the elec- 
tro-motive force was measured by the 
method of compensation. 

The sharp separating surface was ob- 
tained (between sulphate of zinc and sul- 
phuric acid, e. g.) thus:—The sulphate 
was first poured into the U-tube, then the 
other liquid poured through a funnel with 
its very fine orifice at the surface of the 
sulphate of zinc, and a good deal of blot- 
ting-paper in the wider part. Adjoining 
tubes were bridged over by a syphon tube, 
the ends of which were bent upwards in 
the liquid. 

Having compensated such a battery, M. 
Paalrow disturbed the several separating 
surfaces with a glass rod, and he found 
that the electro-motive force continued the 
same, the needle of the compass remainin,g 
at zero. Thus, in liquid batteries, a sharp 
surface of separation is not of consequence, 
if care be taken that one liquid do not pen- 
etrate through the second to the third. 
This was prevented in the present case, 
the liquids in the syphon tubes remaining 
unaltered. 

‘While the result was surprising, it might 
as the author remarks, have been expect- 
ed; for only in solids is a sharp surface of 
separation possible. 

The battery described continues a pretty 
long time constant, owing to the great re- 
sistance and the consequently small cur- 
rent-work. After some time the electro- 
motive force decreases, owing to chemical 
—. The positive current has, in the 

attery, the direction from sulphate of zinc 
to acid, to water, and to sulphate of zinc. 
Thus, through electro-chemical processes, 
there is at the z ne pole of vessel 1 a dis- 
solving of the zinc ; at the surface of separ- 
ation between sulphate of zinc and sul- 





phuric acid, formation of sulphuric acid; at 
that between sulphuric acid and water, for- 
mation of water, at that between water 
and sulphate of zinc, formation of sulphur- 
ic acid; and at the last zinc pole separation 
of zinc. Thus, after some time, sulphuric 
acid is inserted between the water and the 
sulphate of z'nc, and owing to the symmet- 
rical arrangement now approaching in the 
liquids constituting the battery, the electro- 
motive force must gradually be reduced to 
zero. Considering, in the case of liquid 
batteries, the chemical process in the bat- 
tery itself, it readily appears that only those 
batteries can furnish a constant electro- 
motive force, in which all the constituent 
liquids contain either the same acid or the 
same radical. 

Acvording to the principle of conserva- 
tion of force, we expect a compensation in 
the battery itself for the current afforded. 
In the battery under consideration, sulphate 
of zinc, hydrated sulphuric acid, water, 
sulphate of zinc, one would seek this com- 
pensation in the caloric processes between 
the constituent liquids. From these the 
chemical processes, in reference to their 
calorific values, are, as previously shown, 
eliminated ; there remain for compensation, 
only the processes of diffusion. ‘To ascribe 
it to these. M. Paaizow thinks impossible, 
for he has found a battery in which, 
through processes of diffusion, only cold is 
produced, and which yet furnishes a strong 
current. This is the combination: Sul- 
phate of zinc, muriatic acid, acetate of prot- 
oxide of zinc, sulphate of zinc, between 
zine electrodes. Of the diffusion process 
here, muriatic acid mixed with sulphate of 
zine gives a lowering of temperature ; also 
muriatic acid with acetate of protoxide of 
zine; acetate and su'phate of protoxide 
of zinc mixed, give no change of tempera- 
ture. 

“TI distinguish, however, in the hydro- 
batteries generally, those chemical and dif- 
fusion processes, which also occur with 
the open circuit, from those which are 
called into play through closure of the circuit. 
It is only to the calorific values of the lat- 
ter that the compensation for current work 
can be attributed. This may be explained 
with a Daniell element. If in constructing 
such we use amalgamate zinc, which, be- 
fore closing of the circuit is hardly attack- 
ed at all, then, after closing, the entire cal- 
orific value of the chemical process in the 
battery is equivalent to the current-work. 
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Tf, however, unamalgamated zinc be taken, | cuit 0.966 gr.—0.250 gr.—0.716 gr. The 
there are two chemical phenomena to be/ quantity of zinc is almost the same as 
distinguished—the a of the zinc | the first zinc plate lost in the open cir- 
which would occur even in the open circuit, | cuit. 
and that which is produced by the current.| “With the same kind of zinc and sulphu- 
I have convinced myself by experiment | ric acid of the same specific gravity, several 
that the purely chemical dissolving of the | experiments were made, the results fully 
zinc in the closed circuit is equal to that | agreeing with those described. This ap- 
which would occur in the open circuit, and | pears to me important in reference to the 
that the current work corresponds only tu | contest between the chemical and the con- 
the quantity of zinc which is dissolved by | tact theories (though I cannot here pursue 
the current. the subject further). 

“A Daniel! element was constructed, the “Tf, now, we were to ascribe the current- 
zinc was not amalgamated, the circuit was | work of liquid batteries to the caloric val- 
open. The sulphuric acid had a sp. gr. | ues of the diffusion processes, it must only 
1.043. The zinc plate weighed before the | be those which appear in the closed circuit; 
experiment, 21.859 gr. After remaining | and evidence must be furnished that the 
twenty minutes in the open circuit, it| diffusion takes place differently in the 
weighed 21.114 gr., having lost 0.745 gr. | closed circuit from that in the open. Hither- 

“A second Daniell element was made as | to, such proof is wanting. -But according 
like the first as possible. The circuit was | to the experiments with the battery, sul- 
closed, and the voltameter inserted (with | phate of zinc, muriatic acid, acetate of 
copper electrodes in sulphate of copper). | protoxide of zine, sulphate of zinc, the cur- 
The unamalgamated zine plate weighed. | rent here can neither be attributed to the 
before the experiment, 21.893 gr.; and| one nor to the other, inasmuch as cold is 
after the experiment, which lasted twenty | produced by the diffusion. 
minutes, 20.927 gr., having thus lost 0.966 “T incline, therefore, at least in the case 
gr. In ‘the copper voltameter 0.244 gr. | of liquid batteries, to Nobili’s opinion, that 
copper was separated out. The quantity | the currents produced by them bave simi- 
of zinc equivalent to this, whose separa- | lar origin to that of thermal currents, and 
tion was attributable to the current, was| that the compensation for the current- 
0.250 gr. In the closed circuit there was | work is to be sought in the heat absorbed 
thus dissolved by the purely chemical pro- | from without. I am at present occupied 
cess, which also occurred in the open cir- | in experimentally testing this view.” 








ON RECENT DISCOVERIES IN MECHANICAL CONVERSION OF 
MOTION. 


From “The English Mechanic.” 


The following is an abstract of the official | This important discovery was made by M. 
report of the lecture delivered by Prof. Syl- | (now Colonel) Peaucellier, an officer of En- 
vester, F.R.S., at the Royal Institution, the | gineers in the French Army, and first pub- 
chief discovery of which it treats being that | lished by him, in the form of a question 
known as Peaucellier’s parallel motion. | in the “ Anneles de Mathamatique” in the 
The report is accompanied by voluminous | year 1864. Before Peaucellier’s time all 
and instructive notes, for which however | so-called parallel motions were imperfect, 
we have not space. The speaker stated that | aud gave merely approximate rectilinear 
the subject he proposed to bring under the| motion; in substance they will be without 
notice of the meeting related mainly to the | exception found to be merely modifications 
discovery of a perfect parallel motion, that | of Watt’s original construction, and to de- 
is to say, of a mode of producing motion in | pend on the motion of a point in, or rigidly 
a straight line by a system of pure link-| connected with a bar joining the extremi- 
work without the aid of grooves or wheel-| ties of two other bars rotating round fixed 
work, or any other means of constraint! centres, which may be described briefly as 
than that due to fixed centres, and joints | three-bar motion. Peaucellier’s exact par- 
for attaching or connecting rigid bars.’ rallel motion depends on a link-work of 








we Pee mh wee ew eee em 


RECENT DISCOVERIES IN MECHANICAL CONVERSION OF MOTION, 


861 





seven bars moving like Watt's, and the 
other imperfect parullel motions of the same 
class round two fixed centres. 

To understand the principle of Peaucel- 
lier’s link-work, it is convenient to consider 
previously certain properties of a linkage, 
(to coin a new and useful word of general 
application), consisting of an arrangement 
of six links, obtained in the following man- 
ner :—first conceive a rhomb or diamond 
formed by four equal links joined to one 
another; and now suppose a pair of equal 
links to be joined on to two opposite angles 
of such figure and to each other. All six 
links are supposed to lie (and to be con- 
strained by the nature of their attachments 
to remain) in the same plane. The point 
of junction of the last-named pair of links 
(which it will be found convenient to call 
the fulerum) according as they are greater 
or smaller than the sides of the diamond, 
will lie outside or inside the diamond. The 
linkage consisting of the six links may be 
termed a positive cel/ in the one case and a 
negative cell in the other.* It is easily seen, 
as a geometrical necessity, that the fulcrum, 
in whatever way the linkage is moved 
about, will always lie in a straight line 
with the two free angles of the diamond, 
which may be called its poles, and the 
distances of these poles from the fulcrum, 
or the ideal lines which represent those dis- 
tances, may be called the arms of the cell. 
It is upon the geometrical relation between 
these arms that the remarkable mechanical 
properties of Peaucellier’s cell depend. The 
cell may be made to change its form like a 
set of lazy-tongs or any other kind of link- 
age, by closing or opening the diamond ; as 
this is done evidently the lengths of the 
arms alter; but it will be found, and is ca- 
pable of easy geometrical proof, that they 
remain subject to a very simple condition, 
viz., one increases just as much as the other 





* Mr. Penrose, the architect, and surveyor to St. Paul’s 
Cathedral. has put up a house-pump worked by a nega- 
tive Peaucellier coll, to the wonderment of the plumber 
ome ay who could hardly believe his senses when he 
saw the sling attached to the piston-rod moving in a 
true vertical line, instead of wobbling as usual from side 
toside. There seems to be no reason why the perfect 
parallel motion should not be employed with equal ad- 
vantage in the construction of ordinary water-closets. 
The author has been admitted to see the geometrical 
pump at work in Mr. Penrose’s kitchen at Wimbledon 
A sister pump of the ordinary construction stands beside 
it. The former, although quite as compact as its neigh- 

, throws up a emndiasabiy larger head of water with 
the same sweep of the handle. Its elegance, and the 
frictionless ease with which it can be worked (beauty as 
usual the stamp and seal of perfection) have made it the 
pet of the household. 





decreases, so that their product remains in- 
variable ; this product is equal to the differ- 
ence between the square of either of the 
links (called the connectors) proceeding to 
the fulerum and the square of any side of 
the diamond, to which we may give the 
name of the modulus of the cell. The 
— illustrated this property experiment- 
ally, using a negative cell for the purpose. 
When the fulcrum was midway between 
the two po'es each arm was 12in. in length. 
When one arm was made 18in. the other 
was found to be 8; when again it was 
stretched to the length of 24in. the other 
was 6, and so on, the product of the two re- 
maining always 144; or, reckoning in feet, 
to the lengths 1, 3-2nd 2, 3 of one arm cor- 
responded the lengths 1, 2, 4, 4 of the oth- 
er ; showing that the length of one arm was 
so governed by the length of the other as 
that the numbers denoting the two were al- 
ways inverse or reciprocal to each other 
when the modulus is taken as_ unity. 
Hence a Peaucellier’s cell may be conven- 
iently termed a Reciprocator or Inverter. If 
we were to suppose the connectors at their 
free ends, instead of being attached to the 
side angles of the diamond, to be joined on 
to two vdjoining sides in such a manner as 
to become parallel to the other pair of sides, 
this paralle‘ism would continue to subsist 
for all positions of the linkage, and the 
arms or distances of the fulcrum from the 
opposite angles or poles of the diamond 
would still remain in the same right line, 
but the relation between them would now 
be one of direct instead of inverse 
proportion. Conceive the fulerum in such 
an arrangement to become fixed. Since we 
cannot only alter the angles of the diamond, 
but make the whole arrangement turn 
round the fixed point, we can make either 
pole describe any plane curve whatever ; the 
other pole will then describe a curve pre- 
cisely similar in shape, but drawn on a dif- 
ferent scale, as in any ordinary pantigraph. 

But if we revert to the Peaucellier cell or 
Reciprocator, whether of the positive or 
negative form, and treat it in the same man- 
ner as the supposed pantigraphic arrange- 
ment, fixing the fulcrum, and making one 
of the poles—i. ¢. an extremity of one of 
the arms—describe any plane curve, the 
other pole will no longer describe a similar 
curve, but what in the language of geome- 
try is termed an inverse of the curve in 
question, the fulcrum being the origin of 
the inversion. 
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Suppose now one of the poles is made to 
describe a circle, the other will describe the 
inverse of a c'rcle, which geometricians are 
well aware will in general be another circle, 
subject to the exception that if the arc de- 
scribed by one pole is part of a circle pass- 
ing through the fulcrum which is here the 
origin of the inversion, the path of the sec- 
ond pole will be no longer a circle, but a 
perfect straight line, which, under a math- 
ematical point of view, may be regarded as 
a circle with an infinite radius. If, then, in 
addition to fixing the fulcrum, we still fur- 
ther constrain the motion of the Peaucellier 
cell by attaching one of the poles to a centre 
(which for the sake of distinction from the 
other fixed point above defined we may 
term the pivot) round which it can revolve, 
rituated at an equal distance from that pole 
and the fulerum, the other pole will de- 
scribe a perfect straight line perpendicular 
to the line joining the fulerum and the piv- 
ot. We have thus a combination of seven 
radiating bars attached to two fixed centres, 
one point of which describes a true recti- 
linear path, and thus the long-sought-for 
problem of a perfect parallel motion meets 
for the first time its complete solution. 


The speaker illustrated these results by 


various models constructed in wood. 
changing the length of the radial bar con- 
necting one pole of the cell with a fixed 
point, the free pole was shown to describe 
arcs of circles convex or concave to the ful- 


crum, according as the ideal circle, in an are 


of which the first-named pole moved, fell 
short of the fulcrum or contained that point 
within it; in the limiting case, when it 
passed through the fulcrum, the path was 
shown to be neither convex nor concave, 
but a straight line free from all curvature 
in either direction. This was further: veri- 
fied mechanically by connecting together at 
their free poles two perfectly equal and sim- 
ilar mounted cells. If the tendency of 
either of these was to deviate from the 
straight path, the tendency of the other 
would be to deviate in the contrary direc- 
tion; so that either the pair of mounted 
cells would become an absolute fixture, or 
the two would crush or tear each other to 
pieces; but in the experiment exhibi‘ed, 
the pair of mounted cells were seen to move 
together (as if in happy wedlock), without 
let or hindrance to each other’s motion. 
The circular motion of the free pole of a 
single mounted cell in the general case was 
also verified experimentally, and even more 





simply than in the rectilinear case, by the 
addition of a second radial bar, taken of a 
suitable length, determined by previous 
mathematical calculation. As a general 
ru’e, the total number of bars in a link-work 
machine must be odd, but here there were 
eight bars, and yet the combination admit- 
ted of being set in free motion—any one of 
the eight being, in fact, what may be termed 
a lazy-bar, and capable of be:ng removed 
without disturbing the motion, very much 
in the same way as any one of the four legs 
of a table may be removed without disturb- 
ing the equilibrium. 

The speaker pointed out the important 
applications of the two kinds of motion 
hove referred to (which he proposed to call 
the circulo-linear and the circulo-circular 
respectively) to various constructions in ma- 
chinery, such as the steam-engine, planing 
and grinding machines, the construction of 
maps on the stereographic projection, mill- 
wright’s work, laying out of railway curves, 
dioptric apparatus for light-houses, orna- 
mental tracery, pendulum suspension to ef- 
fect motion in a practically exact cycloidal 
are, &c., &c., and referred to the use which, 
as he was informed by the authorities at 
Woolwich, might have been made of the 


By | circulo-circular adjustment in saving sever- 


al week’s work, inconvenience, and expense 
in cutting out the fish-bellied torpedo cas- 
ings recently constructed in the laboratory 
department at the Royal Arsenal there, and 
the use contemplated to be made of the 
circulo-linear, or perfect parallel motion, for 
guiding a piston-rod in certain machinery 
connected with some new apparatus for the 
ventilation and filtration of the air of the 
Houses of Parliament, now under course of 
construction. 

He next referred to the unlimited com- 
mand over the motion of a point furnished 
by a combination of cells. Returning to the 
simple Peaucellier cell, its use may be mod- 
ified in a very remarkable manner by set- 
ting free the point of junction of the two 
connectors (termed, in what precedes, the 
fulcrum), and fixing one of the poles as a 
centre of rotation in its place. If now the 
liberated fulcrum be made to describe any 
curve, the free pole will describe a curve 
corresponding to it, according to a certain 
easily-statable mathematical law. Imagine 
the first-named curve to be part of a circle 
passing through the fixed point—it may be 
shown that in that case the free pole will 
describe the inverse of « conic section in re- 
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spect to a vortex of the conic as the origin 
of the inversion; consequently, by combin- 
ing with this cell a second, used as a oe 
rocator, we may, mounting with a suitable 
radius a pair of Peaucellier cells duly ad- 
justed, cause a point to move in a parabola, 
ellipse, or hyperbola. 

The speaker exhibited a combination of 
this kind, and caused a point to describe 
portions of an ellipse, a parabola, and of the 
two branches of a hyperbola in succession ; 
the traversing pole of the first gell, which 
might be termed the first follower, being 
seen to descr.be beautiful nodal cubies (or 
the inverses of the conics), while the free 
pole of the second cell or second follower 
described the conics themselves. E 

He next went on to state that by a com- 
bination of cells properly proportioned and 
suitably attached to each other in succession 
in a manner similar or analogous to that in 
which simple machines, as for example, a 
number of levers, may be combined to pro- 
duce a complex one, we are able to bring 
about any mathematical relation that may 
be desired between the distances of two of 








the poles of a linkage from a third, and are 
thus potentially in possession of a univercal 
pena bo machine. He exhibited and 
worked a cube-root extracting machine con- 
structed on this principle, and claimed to 
have given the first coal practical solution 
of the famous problem proposed by the an- 
cients of the duplication or multiplication of 
the tube. This machine consisted of a com- 
bination of three cells; by changing the 
modulus of one of the three, he explained 
that it was also quite easy to solve the cub- 
ic equation involved in the analytical solu- 
tion of the problem of the tri-section of the 
angle ; ay a working model of an instru- 
ment of this kind exeented in zinc was ex- 
hibited by Professor Henrici after the lec- 
ture. He concluded by expressing his 
great obligations to this gentleman, with- 
out whose aid he would have been able. to 
do little more than adumbrate in general 
terms the results which, thanks to his 
friend’s practical knowledge and skill, he 
had had the pleasure of exhibiting in a tan- 
gible form, and submitting before his audi- 
ence to the test of actual experiment. 





BLAIR’S IRON SPONGE MANUFACTURE. 
From “ Engineering.” 


The manufacture of wrought iron and 
steel directly from the ore, has always 
presented great attractions to experts and 
ironmasters, because it dispenses with the 
roundabout method of the blast furnace; 
because it avoids the blast furnace combin- 
ation of other metals and impurities with 
the iron, which metals and impurities, 
chiefly carbon, silicon, and in some cases 
phosphorus, have to be subsequently re- 
moved by additional and costly processes, 
in order to produce good wrought iron and 
steel; and because iron ore can be de- 
prived of its oxygen, and thus made into 
sponge, without a melting temperature, 
and hence without rapid destruction of the 
furnace, and without blowing engines and 
other such costly machinery. 

It is unnecessary to tell the student of iron 
metallurgy that the attractions of the 
direct process have won a host of admirers, 
whom it has led, like an ignis fatuus, 
through the quagmires of metallurgical 
chemistry and engineering, into the dis- 
mal swamp of bankruptcy. The crumb- 
ling remains of reducing furnaces in every 





country, are even stronger evidences of 
abortive effort in this direction, than are 
the historical literature of the iron manu- 
facture and the assurances of certain dis- 
tinguished experts that the thing cannot 
be done to commercial advantage. 

But the failure of previous efforts does 
not disprove the correctness of the theory 
upon which these attempts have been 
founded, any more than the failures of 
Kelley and Shunk and Martien, and the 
oft and apparently hopeless early failures 
of Bessemer, disprove the correctness of 
Bessemer’s theories, or limit the vast field 
of his operations. 

It should appear from the history of iron 
metallurgy, and especially from the history 
of the Bessemer process, that every scheme 
that is well founded in chemistry, how- 
ever refractory and hopeless may be its 
mechanical conditions, will ultimately be 
put upon a working basis ; that ingenuity, 
coupled with persevering experimenting, 
will at last discover the missing link. 

This appears to have been the case with 
the direct process. Mr. Thomas 8. Blair, 
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of Pittsburg, U. 8., an ironmaster of some 
25 years’ experience, a good chemist, and 
a gentleman of ample means and resources, 
having these advantages, and being per- 
fectly familiar with the difficulties to be 
encountered, undertook this problem with 
the determination of solving it, however 
long it might require, and without the 
necessity or anxiety of ordinary inventors, 
to realize on an undeveloped idea. Some 
four years, not of random trials, but of 
consecutive steps, constantly guided by 
chemical determinations, and on a scale 
which made commercial probabilities con- 
stantly measurable, have brought the 
manufacture and utilization of sponge to 
the degree of chemical, mechanical, and 
commercial success to which it has now 
attained in America. 

It is only necessary to mention here the 
grand difficulties which have heretofore ren- 
dered all efforts in this direction either 
abortive, or extremely limited in their ap- 
plication ; the literature of the profession 
abounds with the details. The first diffi- 
culty was in securing the uniform reduc- 
tion of a large amount of ore. A tube a 
few inches in diameter, filled with iron ore 
and the necessary carbon, averaging 30 

er cent., and subjected to a red heat for a 

ew hours, is a perfectly practical reducing 
furnace, chemically, but not a perfectly 
practicable one commercially. When fur- 
naces were made large enough to fulfil the 
latter condition, it was found, even in the 
furnace of Chenot, the best before Blair’s, 
that the central core of ore in the cylinder 
was not perfectly reduced. And it has fur- 
ther been ascertained that this want of uni- 
formity in the product, especially the de- 
structive action of the unreduced ore on the 
walls of the furraces in which it was fur- 
ther manufactured, have rendered its use 
impracticable. The second grand difficulty 
has heretofore been the reoxidation of a 
part of the sponge, either while cooling, or 
while in or while being transferred in a hot 
state to the puddling or balling or melting 
furnace for further manufacture. As be- 
fore stated, the professional literature on 
this subject will supply the details of previ- 
ous failures from these causes. 

It is not to be denied that Mr. Blair has 
had the advantage of the early experiment- 
ers in having the gas furnace and its high 
heats with comparatively neutral flames at 
his command for the purposes of further 
manufacture; but it is equally not to be 





denied that Mr. Blair has overcome previ- 
ous difficulties inherent in the sponge itself; 
for the long continued sponge manufacture 
of Chenot (which was however at last 
abandoned for the reasons mentioned), and 
the best other sponge manufactures pre- 
ceding Blair (all of which are now aban- 
doned from the same causes), were known 
and practised long after the Siemens fur- 
nace was in use, and even after the Siemens- 
Martin process was in successful operation ; 
but the previous sponges were never suc- 
cessfully used, even with the aid of the gas 
furnace. ‘ 

The two grand features of Mr. Blair’s 
system of reduction, which meets these 
two great defects of previous systems, 
will appear from an examination of the 
illustrations we publish on page 132, which 
show one of six nests of furnaces, now run- 
ning at the Blair Iron and Steel Works, at 
Glenwood, near Pittsburg. The three fire- 
brick reducing cylinders K are 4} ft. in 
internal diameter, and stand 42 ft. high 
from the ground to the charging platform. 
They are surrounded (and supported as 
shown in Fig. 1) by a strong red brick stack 
R, lined with firebrick, and standing on the 
columns and establature M. Gas from or- 
dinary producers is distributed by the 
pipes C D and the burners E to the annu- 
lar spaces around the cylinders, where it 
meets jets of air and burns, encircling the 
cylinders with a uniform flime and keep- 
ing them at the necessary red heat. The 
products of this combustion pass off by the 
chimney Q. A cast-iron thimble J is placed 
as shown, in the top of the cylinder, a 
5-inch annular space being left between the 
outside of the thimble and the inside of the 
cylinder. Into this annular space the ore, 
mixed with the necessary coal for its re- 
duction, is charged. This thin annular 
charge is heated from without by the pro- 
ducer gases, as before mentioned. It is 
also heated from within by the combustion 
of producer gas admitted to H by the pipe 
F and air introduced by the pipe G. The 
carbonic oxide arising from the deoxidation 
of the ore below, also burns within the 
thimble. The heat thus communicated to 
the charge has only to penetrate it 2} inch- 
es from either side, the result of which is, 
and obviously must be, the rapid and uni- 
form heating of the ore and the carbon 
mixed with it. This having been done, 
the difficulties, as far as reduction is con- 
cerned, are over. Nothing more is neces- 
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sary but to keep the charge up to the tem- 

rature which it has acquired in the annu- 

us, and to give it time for the chemical re- 

action to take place. It has been ascer- 
tained that with the proportions, shown in 
in the engraving, the charge acquires the 
necessary heat by the time it reaches the 
bottom of the thimble, and that it is per- 
fectly reduced by the time it has descended 
to the bottom of the external heating cham- 
ber (L, Fig. 3), when it is passed through 
at the rate of 20 tons (of iron in the 
8 r week per cylinder, or 60 tons 
sa gol ipraaliadios furnace. Thus 
the first difficulty of previous reducing op- 
erations is overcome; the charge having 
been uniformly heated, and so surrounded 
by flame that it cannot get cool till reduc- 
tion is completed, uniformity of reduction is 
absolutely secured. 

Now, however, a new condition has ar- 
isen. The deoxidized sponge ata red heat 
is so sensitive to oxygen that it will take up 
air from the smallest exposure, and so be 
irregularly turned back into ore again. 
For this reason every attempt to remove 
the sponge in a red-hot state to a heating 
or melting furnace has been attended with 
great loss and irregularity of product. It 
is, of course, impracticalle to seal the hot 
sponge perfectly agaiust the entrance of 
air, either by air-tight discharge valves, or 
by a slight excess of pressure in the 
cylinder, for by the law of transfusion of 
gases, the heavy will rise into the light, 
and the light will desc. into the heavy 
gases, unless there is a decided current to 
be overcome. Mr. Blair meets the diffi- 
culty by simply pro!onging the cylinder 
below the zoue of reduction, far enough to 
allow the charge itself to form a packing 
against the entrance of air. The lower 
part of this prolonged cylinder is cooled by 
the water jacket N N, and is made so long 
that the charge will in its regular descent 
from L to the floor, where it is removed, 
get cool enough to be held inthe hind. At 
this temperature it will not oxidize for 
weeks. So that any air which may leak in 
from below comes in contact with cold 
sponge which it cannot hurt; and this 
column of sponge, compressed together by 
the superincumbent weight of all the 
charges above, prevents any air from 
penetrating where the sponge is hot enough 
to be injured by it. ‘The sponge is with- 
drawn by lifting the sleeve P at the bottom 
of the cylinder. The cone O promotes the 





uniform discharge of the interior and ex- 
terior parts of the column of sponge. 
When the requisite quantity is drawn, the 
sleeve is driven tightly down to the floor, 
and luted with clay. 

The working of the furnace is probably 
simpler and less likely to go wrong than 
any other metallurgical operation where 
heat is employed. It is only necessary to 
see that the charge, as it escapes from under 
the thimble into the body of the cylinder S, 
's sufficiently hot,and to draw the cold sponge 
a little more slowly if it is not; also to 
keep a uniform temperature in the ex- 
ternal heating chamber by observing the 
flame through sight holes in the top of this 
chamber, and regulating the air and gas 
admission accordingly. It has been found 
much more convenient at Glenwood to use 
in this heating chamber gas which is orig- 
inally free from tar, like that from coke or 
anthracite, or gas from which the tar has 
been removed by washing. By employing 
small coke—the débris of coke yards—with 
a slight blast in the producers, a clean gas 
is made, which will not clog the small 
burners. The character of the sponge— 
its state of proper deoxidation—is very 
easily and certainly determined by its lus- 
tre, color, and feeling, and especially by its 
appearance and softness when cut with a 
knife. 

The carbon charged in with the coal may 
be either coke, anthracite, or charcoal. It 
should be crushed, so that its coarsest 
pieces will pass an inch mesh screen, and 
the ore should pass a 14 inch sereen. 

There is apparently no limit, perhaps 
within blast furnace dimensions, to the 
size of the reducing cylinder. The first 
one that made sponge on a commercial 
scale was 11 in. by 13 ft. Two successively 
larger sizes were then employed with con- 
stantly improved results; and the present 
furnace (44 ft. by 42 ft.) is easier to man- 
age and much cheaper per ton of product 
than the smaller ones. 

The cost of sponge, as determined from 
over three years’ commercial practice, aver- 
ages about £1 less per ton of iron in the 
sponge, than pig iron made from the same 
ores. All ores of moderate richness (not 
necessarily very rich ores) that are pure 
enough to make the commoner sorts of Bes- 
semer pig, are certain to make a most ex- 
cellent sponge. Mr. Blair has made a num- 
ber of satisfactory experiments with lean 
ores, and also with ores containing that 
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class of impurities which will leave the 
sponge just as silica will when the sponge 
is fused in a Siemens-Martin bath; for in- 
stance, ores containing phosphorus com- 
bined with lime; but as these are not yet 
matters of every-day practice we will not 
follow them further at present. 

The best method of utilizing sponge, in 
the present state of the art, is to substitute 
it for wrought-iron in the Siemens- Martin, 
or open hearth process. No new apparatus 
or treatment of any sort are required in this 
part of the operation. The cold sponge is 
simply thrown into the pig-iron bath ; it 
instantly disappears under the slag ; it is, 
from its porosity, rapidly melted ; its silica 
and all its earthy impurities rise to the sur- 
face, and the iron remains. The amount 
of slag is somewhat larger than where 
wrought-iron is used, but if a lean ore is 
employed the excess of slag is tapped off. 
The first time this sponge was ever used in 
an open hea: th furnace, it was charged in 
the proportion of three quarters spouge to 
one quarter Bessemer pig, with the usual 
spiegel ; and the product was excellent 
boiler plate, and was sold as such. The 
waste wus almost exactly the same as with 
charcoal blooms 

In the early practice it was thought nec- 
essary to compress the sponge, culd, into 
blooms of about one-third the density of 
iron ; but this process is now only employed 
with the very tine sponge ; the coarse gives 





equally good results when charged in its 
loose state. 

The advantages of sponge in the Sie- 
mens-Martin steel manufacture is obviously 
these: First, the material is better than 
that obtained from the same ore by any in- 
direct method. No ore is reduced except 
the ore of iron. For instance, the silica is 
not reduced to silicon, but is simply baked 
sand, which subsequeut!y floats off in the 
bath ; and thus one principal bane of fine 
steel is dispensed with. The same is true 
of most of the other impurities It is not 
true, however, of sulphur aud of phos- 
phorus when combined with the iron in the 
ore. 

Second, the sponge is cheaper than any 
material that can be obtained from the ore 
by any indirect method. The use of raw 
ore in the Seimens-Martin process is by no 
means an equivalent. Only enough raw 
ore can be used to make up the loss—to 
restore the iron oxidized in the process. 
The other material put into the bath is less 
pure than sponge, and costs, on the aver- 
“ge more than pig-iron, while sponge costs 
ess. 

Mr. Blair has made some very encourag- 
ing trials in welding sponge, also in car- 
burizing it, so as to use it in the open- 
hearth furnace without admixture of pig- 
iron ; but as these are details not yet fully 
worked out, we will pospune their consid- 
eration. 





TECHNICAL EDUCATION. 


Written for Van Nostrand's Eclectic Magazine, 


While technical and scientific schools are 
multiplying themselves all over the country, 
and sending forth every year a graduated 
class of young men, aspirants for posit:ons 
as civil engineers, if may not be inappro- 
priate to inquire how far the instruction 
afforded by such institutions is calculated 
to benefit and advance its recipients, and, 
more particularly, how far it is indispensa- 
ble to success in the career of civil en- 
gineer. 

In other professions, the evidence is clear- 
er. It is su well known as a practical fact, 
that nv man can possibly be a doctor or a 
lawyer without devoting many years to hard 
book-work, that taking a degree, i. ¢., ob- 
taining a certificate that this work has been 
satisfactorily performed, is necessary to en- 





able one to practice either as doctor or law- 
yer. 

In engineering the case is different. In 
the face of the many admirable works 
which we see every day planned and exe- 
cuted by “practical men,” 7. ¢., men who 
owe but little to any school save that of 
observation and precedent, it would be hard 
to say what, if any, special education was 
indispensable to an engineer. Moreover, 
we venture the assertion, which we feel 
confident noenyineer will undertake to chal- 
lenge, that in one very important branch of 
the profession, that of railroad engineering, 
success depends upon conditions wholly dis- 
conneeted from books and schools. In 
other words, a man after passing through a 
four years’ course of laborious study, may 
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enter a railroad corps, spend his life in rail- 
road eng neering, rise to the chief engineer- 
ship of the most important line in the 
country, and during all that time never have 
occasion to recall one single item of the in- 
struction of his four years’ course. 

Undoubtedly, in running the transit (and 
at this exhilarating exercise he will proba- 
bly pass an apprenticeship of several years) 
he must know enough of the plainest of 
plane trigonometry to be able to work 
around an obstruc.ive schoolhouse and get 
back to his line again, and to find his way 
to any ground indicated by the assistant 
engineer; but all this, and the like, only 
requires that amount of mathematical 
knowledge usually taught in seminaries for 
young ladies, and if he has not already ac- 
quired it he can read.ly pick it up as he 
goes along. 

If, on the other hand, our student gets 
into construction, he will find throughout 
that scientific knowledge waits upon prac- 
t.cal exp-rience; and if he is wise, for one 
scientific counsel that he takes from his 
text books, he wil take twenty practical 
ones from the foreman of the works. Af- 


ter calculat ng the dimensions of his batter- 


ing retaining wall, he had a great deal better 
subm.t his design to the boss mason than 
to the faculty of his engineering school. 

The great difficulty in reducing engineer- 
ing to a written science, so as to admit of 
its being learned from books, is the deter- 
mination of data. The elements which 
force themselves in practice into the prob- 
lem are so manifold and perplexing as to 
baffle the attempt to catalogue them; but 
their existence is fe’t by the practical man, 
and a faculty which is to obscure questions 
of construction what conscience is to moral 
ones, whispers to him the proper course to 
pursue, where engineering ethics would al- 
together fail him. 

Not only is it difficult to specify all the 
data entering into engineering problems, 
but it is still more difficult to recognize 
them when encountered in practice. For 
instance, in the matter of foundations, the 
student may be taught that a certain sys- 
tem of founding is applicable to cases where 
the natural soil is capable uf sustaining the 
weight of the intended superstructure, while 
a different plan is to be followed when it is 
not. Fancy the hopeless condition of the 

. young gentleman «tat. 21, graduated Al 
from a crack technological school, brought 
face to face with the “natural soil,” and 





obliged to decice, from the light shed on the 
subject by his books, what kind of founda- 
tion he should putin! Of course it is true of 
all professions that a certain amount of 
practical experience is necessary to enable 
one to wield his theoretical knowledge, but 
it is so largely true of engineering that it 
would seem in some cases that the theoret- 
ical part was completely thrown out of the 
record, and as if any attempt to recall rules 
and figures would simply impede the only 
true guides; 7%. e., practical judgment and 
artistic intuition. 

What, then, are the advantages of a 
technical education tothe engineer? In 
spite of what we have written above, we 
take them to be very great indeed, far great- 
er, in fact, than can appear from any short- 
sighted utilitarian view of them. All that 
we have said involves no paradox, but sim- 
ply proves that, as yet, engineering is an 
art rather than a science, and as such gains 
more from individual qualities, supplement- 
ed by individual experience, than from the 
application of established rules that may 
be taught and learned, and which are as 
effective in the hands of a comparative 
dunce as in those of a man of transcendent 
genius. Of the Jaws governing the forces 
with which in engineering we have to deal, 
we can claim but an imperfect knowledge. 
Still, these laws do exist, and every success- 
ful effort to recognize them and reduce their 
action to an equation, raises the art of en- 
gineering, by so much, from a mere trade, 
governed by empirical maxims, toward the 
dignity of a liberal profession. 

In the effort to make engineering an ex- 
act science, practical difficulties, i. e., ele- 
ments neglected in the theoretical calcula- 
tion, but none the less potential in practice, 
will of course encumber our path ; but these 
elements are being constantly detected and 
noted, and added to the specification, making 
our data constantly more and more com- 
plete. Everything connected w.th engi- 
neering construction is susceptible of math- 
ematical calculation—and usually a very 
simp‘e calculation—when we are sure that 
we have all the elements coming into play, 
and one of the objects of a technical edu- 
cation is to give the student such command 
of the resources of mathematical investiga- 
tion as to enable him to figure out, with 
confidence in his results, any new problem 
presented to him. 

The great mistake committed by the 
graduates of our technical schools is in 
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supposing that because they have in their 
pocket the degree of civil engineer, that 
they are therefore, actually and truly, en- 
gineers. No mistake could be more fatal. 
A freshly graduated medical student might 
as well think he was a doctor; ané with 
greater reason, in fact, for he at least has 
seen a good deal of genuine work in the 
hospitals, done by the most eminent mem- 
bers of his profession. It is quite natural, 
certainly, that a young man who has sedu- 
lously devoted himself to years of patient, 
special study, should consider that at the 
end of that time he was qualified to prac- 
tice what he had been so long learning; 





but he should recollect that all this was 
preparatory work, and that on leaving his 
school he was just ready to begin learning 
his profession. Whenever this fact is real- 
ized, and the student commences earnestly 
to work at his profession after graduating, 
he will find his preparatory education of 
inestimable advantage to him; whenever it 
is ignored, and the student imagines that 
his studies have placed him beyond the 
need of further work, and above all merely 
practical men, he will find that instead of 
an aid, they are the worst clog he could 
have placed upon his future. He may be 
a pedant, but never an engineer. 





USE OF TIMBER IN CONNECTION WITH MECHANICAL WORK. 


From “Iron.” 


At the meeting of the Manchester Scien- 
tific and Mechanical Society, briefly no- 


obtained from Savannah and the adjacent 


States of America, and efforts were now be- 


ticed last week, Mr. J. G. Tynde, C. E., | ing made to open a trade with California, 


borough surveyor, Manchester, during the 
course of his presidential address, dwelt at 
some length on the use of timber in con- 
nection with mechanical work, both with 
regard to pattern-making and in relation to 
the erection and removal of heavy ma- 
chinery. 

The proper selection and use of timber, 
he said, was a matter in which they were 
all more or less interested, and he would 
offer a few observations on the subject, 
based on his own experience. For all or- 
dinary purposes the kind of timber most 
used for pattern-making, and in temporary 
structures, such as travelling cranes, staging 
framework, and platforms for the erection 
of bridges and similar work, was fir, either 
American or Baltic, the nature and proper- 
ties of the different descriptions of which, 
as usually met with in our market, he pro- 
posed shortly to describe ; but before doing 
so it might be interesting if he gave a very 
slight sketch of its introduction to this 
country. Previously to the colonization of 
America our supply of fir timber was ob- 
tained from the countries on the coasts of 
the Baltic, of which Norway, Russia and 
Sweden were the first resorted to. The 
colonization of America, however, soon 
opened a large and valuable field for ob- 
taining timber of similar growth, the two 
Canadas especially yielding large supplies 
of avery fine quality. More recently a 
supply of the same kind of timber had been 








| where was to be found some of the finest 
| red wood ever brought into our market. 


Fir timber might be divided into three dis- 
tinct classes, known by the color of their 
wvod—by white, yellow and red. Ameri- 
can spruce deals belonged to the first-named 
class, and were principally used for joists 
and bearing timbers in common houses as 
well as for scaffolding in the erection of 
machinery. There was so much of a very 
inferior quality of this kind of timber that 
it was necessary a very practical knowledge 
of it should be acquired by those under 
whose directions it was used, as serious ac- 
cidents frequently happened when it was 
misapplied. Baltic white deals were wood 
of a very fine texture, and used priue pally 
for the same purposes as the American 
spruce deals. This timber would not, as a 
rule, bear so great a load as the American, 
but it was much less liable to warp from 
change of temperature. Both these kinds 
of timber were specially liable to decay if 
placed in warm and moist situations, fungi 
speedily forming on them, and causing what 
was commonly known as dry-rot; and when 
once this had been commenced, the wood 
was no longer to be depended upon. These 
woods were both extensively used for pack- 
ing-cases for machinery, and for this pur- 
pose were quite as good as more expensive 
timber. The next class of timber to which 
he would direct their attention was the 
American yellow pine. This timber was 
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imported in logs, and cut up into boards or 
seantlings in this country; like the white 
wood, this timber was practically non-resin- 
ous ; it was of a fair texture, and when not 
exposed to damp was durable. It was much 
used for building purposes, especially for 
joiners’ work that was covered with paint. 
As a bearing timber it had a peculiar 
quality—viz., that it retained its form with 
& permanent load ; whereas m»uny kinds of 
timber when loaded continued to deflect for 
years, although the load might not be 
greater than they might safely be required 
to bear. Unless, however, this wood was 
properly treated from the log, its valuable 
quality of retaining its form was materially 
impaired. The log should be opened and 
cut into boards in the autumn, and exposed 
to the weather through the winter; in the 
spring it should be removed into the drying 
shed, and thence into a room having a cor- 
responding tempera:ure with that wherein 
it was to be stored when finished, for at least 
one month before being worked. On no 
account should this wood be placed in a 
stove, as in its removal from a high temper- 
ature it would always be liable to change its 
form. There were many qualities of yellow 
pine, and their quality varied very consider- 
ab:y. Next, referring to the red wood, he 
said this timber was imported both from 
America and the Baltic in the form of 
both logs and deals. There were several 
varieties of red deals, each possessing 
its own peculiar character; but all of them 
more or less valuable on account of their 
power to resist atmospheric changes and 
the action of moisture. It was, therefore, 
much used in engineering works for piles 
and timver framing exposed to the weather, 
railway sleepers, and all places where it 
was necessarily shut out from a free pas- 
sage of air. lt was also less liable than 
any other kind to dry-rot. The timber im- 
poried from Sweden was generally of a 
very inferior quality and of small size; it 
was very liable to crack if exposed to the 





sun, causing what were known as “sun- 
s rokes.” ‘Ihe custom at all the ports on 
the arrival of the timber was to put the 
logs into water to prevent this. The pitch- 
pine imported from the Southern States of 
North America, Savannah, and Pensacola, 
was of a strongly resinous character, but 
had a great tendency to dry-rot, especially 
if it was placed in contact with fresh mor- 
tar and lime. This timber was, therefore, 
unfit to be built into walls as bearing beams, 
unless the ends were placed in cast-iron 
boxes, or were otherwise protected so as to 
allow a free circulation of air round the ends 
of the beams. Many samp'es of this tim- 
ber had a beautifully waved grain, and 
would take a high polish, and these were 
selected and used for ornamental joiners’ 
wo k. One peculiarity in connection with 
all red-wood was, the varied qualities found 
in the same log; the lower part of a tree 
might be exceedingly good, while the up- 
per part might be very inferior. From the 
remarks he had m ide, it would be seen how 
impossible it was to fix any arbitrary form- 
ula that would be applicable for calculating 
its strength, the quality being so variable 
the same formula would not apply in any 
two cases. He had tried some experiments 
on a sufficient y large scale to guide his 
own judgment, and he found that for a 
very good and selected sample of Bultic 
timber the following simple formula for 
beams might be relied upon:—the break- 
ing weight in the centre equalled the pro- 
duct of the breadth with the square of the 
depth multiplie 1 by .15, and divided by the 
length in feet; and for an ordinary sample 
of timber he usually took the safe load in 
the centre in tons equal to the product of 
the breadth, with the square of ihe depth 
multiplied by .03, and divided by the length 
in feet. 

The President then brought his remarks 
to a close, with the expression of the hope 
that the subject would be again referred to, 
and other descriptions of timber dealt with. 





PRODUCTION OF PIG IRON 
AND 


IN THE UNITED STATES IN 1872 


1873. 


From “ The Bulletin.” 


We present herewith full and accurate 
statistics of the production of pig iron in 


the United States in 1872 and 1873, de- 
rived from returns made directly to the 
Vou. XL—No. 4—24 


office of the American Iron and Steel As- 
sociation by the makers and by the regular 
correspondents of the Association. ‘This 
exhibit is the most complete of the kind 





370 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





that has ever been given to the country, 
and its preparation alone has cost the 
Association thousands of dollars. We 
briefly summarize the leading facts set 
forth in the detailed statements which fol- 
low, premising them by remarking that our 
tables do not inelude ubandoned furnaces : 


Whole No. of stacks December 31, 1871..... 571 
Whole No. of stacks built in 1872.... ..... 41 
Whole No. of stucks December 31, 1872..... 612 
Whole No. of stacks built in 1873.... 50 


Whole No. of stacks December 31, 1873 

Whole No. of stacks in blast Jan. 1, 1>74.... 

Whole No of stacks out of blast Jan. 1, 187+. 

Whele No. of stacks completed in first 6 
months of 1874 ees 

Whole No. of finished stacks, July 1, 1874... 

Whole No. of stacks building July 1, 1874... 

Whole No. of stacks projected, July 1, 1874.. 

Total production in 1872, tons of 2,000 Ibs. . 

Total production in 1873, tons of 2,00 Ibs. 

Estimated annual capacity of all finished 
stacks, net tons........ 

No. of States baving furnaces 

No. of States making pig iren in 1872 





No. of States making pig iron in 1873 


Propucrion oF Pia Iron 1n 1872 anv 1873 sy Srares. 








Whole No. of stacks in 1872. 


No. of stacks built in 18 


| No. of stacks in blast Jan. 1, 1874, 
No. of stacks built in 1872. 


Whole No, of stacks July 1, 1874, 
No. of stacks building in 1874. 

No, of stacks projected in 1874. 
Make in 1872— Tons of 2,000 Ibs. 


Whole No. of stacks in 18°38. 











Maine ........ 
Vermont 
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Maryland 
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North Carolina . 


Wisconsin. 

Minnesota ..... ..... +00 
Missouri... ccccccces-0 aes 
Oregon... s.e0eees 
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Total....... 








2,868,278 


g 


2,854,558 














Pennsylvania, with 262 stacks, makes 
very nearly one-half the pig iron made in 
the country. Ohio comes next, making 
one-seventh of the whole product with 88 
stacks. New York, with 53 stacks, makes 
over one-tenth of the whole product. These 
three States and New Jersey make more 
than three fourths of the total product. 
Five Western “ prairie” States, Indiana, 





Illinois, Michigan, Wisconsin, and Mis- 
souri, made 135 per cent. of all the pig 
iron produced in 1872, and 124 per cent. 
of all made in 1873. It is a singular fact 
that South Carolina has eight charcoal fur- 
naces, and that not one of them was in 
blast in 1872 or 1873. The lack of capital 
to operate them, and the need of repairs, 
are assigned as the reasons for their long 
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ion. Fuel and ore of an excellent 
quality are abundant in their vicinity, and 
it is scarcely possible that they will all re- 
main much longer out of blast. Two other 


Southern States, Alabama and Georgia, 
are making rapid progress in the manu- 
facture of pig iron, for which they possess 
truly wonderful facilities. 


Charcoal, 








No. of stacks built in 1872. 
No of stacks built in 1873. 
Whole No. of stacks in 1872, 


7. 


No. of stacks projected in 1:74. 
Make in 1872—Tons of 2,000 Ibs. 
Make in 1873—Tons of 2,000 Ibs, 


No. of stacks building in 1874, 











mins | No of stacks in blast Jan, 1, 1874. 


he 


North Carolina... jidihinte sess 
South Carolina............ 


Tennessee 
Hanging Rock .... 


cxrom | Whole No. of stacks July 1, 1874, 


ore | Whole No, of stacks in 18 


1,950 
42,219 
34,532 
92,365 

8,133 





a 
ns 


95,622 100,498 











oot 


~4- 
. 
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86,616 113,475 
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262 


500,363 














284 | 292 





The production of charcoal pig iron in- 
creased nearly 75,000 tons in 1873 over the 
product of 1872, while there was a decrease 
im the production of both bituminous and 
anthracite pig iron. In each year named 
the quantity of anthracite pig iron produced 
was nearly one-half of the total product. 
The average annual product of the turnaces 
of the country, in net tons, is as follows: 
charcoal, 2,024 tons; bituminous coal and 
coke, 5,592 tons; anthracite, 6,435 tons. 

There never having been any record kept 
of the quantity of pig iron on hand and un- 
sold in this country, from year to year, it is 
obviously impossible to ascertain accurately 











the consumption of pig iron in any given 
year, but a very close approximation can be 
made by adding the production in that year 
to the quantity imported. Observing this 
method, we have the following results for 
1872 and 1873: 


Home production of pig iron in 1872, net tons. 2,854,558 
Pig iron imported in 1872, net tons 295,967 
Total consumption of pig iron in 1872, net tons 3,150,525 
Home produciion of pix iron in 1873, ‘2,868,278 
Pig iron imported in 1873, yi 154,780 
Total consumption of pig ironin 1873, ‘* 3,023,058 


In 1872 and 1873 our exports of pig iron 
to all countries (prinipally to Canada) 
were as follows: In 1872, 26,380 ewts. ; in 
1873, 180,436 cwts. A year ago much was 
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said in public journals of alleged shipments 
of pig and bar iron to Great Britain, but 
the most diligent inquiry fails to show that 
such shipments were ever made, although, 
as has heretofore been remarked, it is not 
improbable that English and S.o!ch found- 
ers will yet require large quantities of our 





charcoal iron for car-wheel purposes. This 
want, however, will not be created until 
the American method of making car-wheels 
becomes more popular in Great Britain than 
it now is. The British car-wheel, as at 
present constructed, is not composed, in 
whole or in part, of charcoal pig iron. 


Bituminous Coal and Coke. 








No. of stacks in blast Jan. 1, 1874. 


Whole No. of stacks in 1872. 


No, of stacks built in 1872. 


Whole No. of stacks July 1, 1874. 


Made in 1873—Tons of 2,000 Ibs. 


No. of stacks projected in 1874, 
Make in 1872—Tons of 2,000 lbs. 


Whole No. of stacks in 1878, 
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39,221 
78,627 
13,382 
55,569 
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26 946,913 














Lehigh 

Schuylkill. ...... 
U. Susqneh’na... 
L, Susqueh’na... 








Maryland ...... 
Virginia... 



































1,369,812 
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Anthracite Coal and Coke. 











No. of stacks in blast Jan. 1, 1874. 
No. of stacks built in 1873. 
Whole No. of stacks in 1872. 


L 


, 1874, 


- 


Whole No. of stacks July 1 





No. of stacks building in 1874. 


No. of stacks projected in 1874, 


| Make in 1872—Tons of 2,000 lbs, 


Make in 1873—Tons of 2,000 Ibs. 
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wm» | mes| Whole No. of stacks in 1873. 











a | me No. of stacks built in 1872, 
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Peat and Charcoal. 


BRaruaken. 


| 1 


Charcoal and Bituminous 


it.) ee 84 9 


RECAPITULATION. 











Whole No. of stacks in 18738, 


o. of stacks in blast Jan, 1, 1874. 
0, of stacks built in 1873. 


Whole No. of stacks in 1872, 


No. of stacks built in 1872. 








Charcoal 

Bituminous Coal and Coke. . 
Anthracite ayer 
Anthracite Coal and Coke. . 








Whole No. of stacks July 1, 1874, 


No. of stacks building in 1874, 


0. of stacks projected in 1874, 


Make in 1872—Tons of 2,000 lbs. 


Make in 1873—Tons of 2,000 Ibs. 





rom re | 
Sas 
eosiatad 
ns 

> 








2 


:; 88 


1 


500,363 
946,913 
1,369,812 
37,246 
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53 








2,854,555 





2,868,278 





Appended is a table showing the pro-_, the statistics of the iron trade, but in 1855 
duction of the various kinds of pig iron in| this Association was organized, and since 
the United States from 1854 to 1873, both|then it has regularly collected and pub- 
years inclusive. It is compiled from statis- | lished these statistics. All that is definitely 


ties procured by this Association. 


Prior to | kn wn of the progress of the iron industry 


1854 no agency existed for the collection of | in this country prior to 1854 is embraced in 
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a statement prepared by the Hon. Henry 
©. Carey, in 1849, and this statement we 
also append: 


Production of Pig Iron from 1854 to 1873. 








. Bituminous 
Anthracite. Charcoal Coal & Coke. Total. 





786,218 
784,178 
883,187 
798,157 
705,094 
840,627 
919,770 
781,544 
7+7, 662 
947.604 
1,135,996 


339,435 
881,866 | 839,922 
443,113 | 870,470 
890.385 | 830,321 
361,430 | 285.313 
471,745 | 284.041 
519,211 | 278,381 
409,229 | 195,278 
470,815 | 186,660 
577,688 | 212.005 
684,018 | 241,858 
479,558 | 262,342 
749,367 | 832.580 
798,688 
893,000 
971,150 
930,000 
956, 608 f 5 
1,369,812 ¢ 
1,812,754 | $577,620 


842,298 54,485 


62,390 


2;868,278 

















* Includes 224 tons of peat pig iron. 

¢ Includes 37,246 tons of mixed anthracite and coke 

iron. 

Includes 500 tons of mixed peat and charcoal pig 
iron, and 2,400 tons of mixed charcoa) and bituminous 
coal pig iron, 

§ Includes 44,004 tons of mixed anthracite and coke 
pig iron. 

Mr. Carey's Pig Iron Statistics. 


In 1810 the bine pan - furnaces y 4 pene 
was ielding 54,000 tons of met 
to 16 Ibs, oo head of the population. ” 

In 1821 the manufacture was in a state of ruin. 

In 1828 the product had reached 130,000 tons, having 
little more than doubled in 18 years. 

In 1829 it was 142,000 tons, Increase in one year, 
nearly ten per cent. 

In 1830 it was 165,000 Increase in two years, more 
than 25 per cent. 

In 1831 it was 191,000. Increase in three years, about 
50 per cent. 

In 1832 it was 200,000, giving an increase in three 
years of above 60 per cent. 

In 1840 the quantity given by the census was 286,000, 
but a committee of the Home League, in New 
York, made it 347,700 tons Taking the me- 
dium of the two, it would give about 315,000 
tons, being an increase in 8 years of 50 per 


cent. 

In 1842 a large portion of the furnaces were closed. and 
the product had fallen to probably little more 
than 200,000, but certainly less than 230,000 


tons. 

In 1846 it was estimated, by the Secretary of the 
Treasury, at 765,000 tons, having trebled in 
four years. 

In 1847 it was supposed to have reached the amount 
of not less than 800,000 tons. 

In 1848 it became stationary. 

In 1849 many furnaces being already closei, the 
production of the sent year cannot be 
estimated above 650,000 tons; but from the 
accumulation of stock and the difficulty of sell- 
ing it, it is obvious that the diminution will be 





In the 20 years ended with 1873, the 
growth of the pig iron industry of the 
United States. as compared with that of the 
United Kingdom of Great Britain, was as 
follows. The ton used in the statistics of 
the United Kingdom is the gross ton of 
2,240 Ibs. ; that used in the statistics of the 
United Siates is the net ton of 2,000 Ibs. 








U. King. Tons.|U. States Tons. 





8,069,838 736,218 
8,218,151 
8,586,377 


8,659,477 











The value of the pig iron product for any 
year can be approximately ascertained by 
multiplying the average market value 
throughout the year of each kind of iron 
by the year’s product, and adding the re- 
sults thus obtained. In this manner we 
have carefully calculated the value of the 

ig iron manufactured in this country 
, he the years 1872 and 1873, and find 
it to be as follows : 
Value of 2,854,558 net tons of pig iron pro- 

duced in 1872 


Value of 2,868,278 net tons of pig iron pro- 
duced in 1873 


In 1854 the production of anthracite 
pig iron overtook that of charcoal, and in 
1869 the production of charcoal pig iron 
was again overtaken by that of bituminous 
coal and coke. Since 1854 anthracite has 
been the leading branch of our pig iron in- 
dustry, and since 1869 charcoal has been 
the least productive of all branches. 


$132, 649,621 
118,243,308 





T= old iron mine in Salisbury, Ct, 
which has been worked over one hun- 
dred and fifty years, recently declared an 
annual dividend of one hundred and fifteen 
per cent, 





THE CHANNEL TUNNEL. 





THE CHANNEL TUNNEL. 


From ‘Nature.”’ 


We fear there are still many who fail to 
see that any good can come of scientific 
research unless it has some well-defined 
“utilitarian” object in view. Even in this 
and in other countries that are in the van 
of civilization, and in which education is 
comparatively wide-spread, the majority of 
mankind can appreciate a benefit only when 
it takes a concrete and tangible form. That 
love of knowledge for its own sake, that 
noble inquisitiveness which has been so 
fruitful in results during the last two hun- 
dred years, even yet belongs to compara- 
tively few, who are still regarded by the 
many with a kind of impatient pity as 
mere unpractical hobby-riders. Still the 
people who talk in this way are proud 
enough of the glory which their great men 
have shed upon their country, and would 
not willingly, we believe, part with it for 
money, were this possible; and, indeed, 
how would this country appear among the 
nations, were she deprived of the inesti- 
mable inheritance which her great sons 
have bequeathed to her in every depart- 
ment of intellectual activity? Happily, 
however, the race of those who decry sin- 
gle-eyed scientific research is getting sen- 
sibly smaller; and we firmly believe that 
as education improves, and as higher edu- 
cation spreads, carrying with it the results 
of this same scientific research, it will dis- 


i I 
till, a little consideration might show 
those who are ever ready to cry “ what’s 
the good ?” that since all so-called “ practi- 
cal” schemes are concerned either with 
man’s own body or with the surraunding 
universe, an essential part of the basis of 
any scheme is a thorough knowledge of the 
material on which it is proposed to work. 
Such a knowledge it has over and over 
again been shown, is only to be attained by 
abstract scientific research, by investigation 
conducted as if the only end in view were 
a thorough knowledge of the subject in 
hand, in all its scientific aspects and rela- 
tions. Many instances could be given, and 
indeed are every day occurring, of the high- 


est practical results unwittingly following | difficulties. 





| 


the results of the investigation into the ge- 
ology of the Channel, which Mr. Prestwich 
(the newly elected Oxford Professor of Ge- 
ology) presented to the Institution of Civil 
Engineers last December, and which, with 
the subsequent discussion and maps, has 
just been published in a separate form. 
This study of the strata which underlie the 
Channel, and which seems to us an almost 
perfect example of close and careful rea- 
soning on physical facts, is now brought 
forward to enlighten the projectors of a 
tunnel between England and France as to 
the nature of the material with which they 
will have to work; but Mr. Prestwich dis- 
tinct!y states that the various formations 
are considered “irrespective of their rela- 
tive merits in any other than a geological 
point of view.” 

Mr. Prestwich’s plan is to discuss care- 
fully all the strata which underlie the Chan- 
nel, from the London clay down to the Pa- 
leozoic series, exhibiting distinctly their 
lithological characters, dimensions, range 
and probable depth, and from these data 
deducing his conclusions as to the suitabil- 
ity of each formation for being pierced by 
a tunnel. The investigations of himself 
and others, on which Mr. Prestwich’s paper 
is founded, were mostly undertaken from 
no practical point of view, and before 
a Channel Tunnel was thought of. Mr. 
Prestwich, many will be glad to think— 
grateful, we hope at the same time, for this 
very practical result of pure scientific re- 
search—concludes that from a geological 
point of view it is quite practicable to con- 
struct a tunnel underneath the Channel, 
although to do so with safety it will be 
necessary to go very deep down. But an 
excellent idea of the results of the investi- 
gation will be obtained from the following 
clear summary with which Mr. Prestwich’s 
paper concludes: 

“In the London clay there exists a per- 
fectly impermeable bed of sufficient thick- 
ness, but nowhere between the two coun- 
tries, except probably at points where the 
distance presents apparently insuperable 
The lower chalk, or chalk 


from such investigations ; and to the skeptic | marl, affords a comparatively impermeable 
we could not recommend a better example | deposit, also of sufficient dimensions; but 


of how indispensable is thorough scientific 
research as a basis for the useful arts than 


| 


from its having a calcareous base, and from 
the possibility of fissures, with the absence 
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of a protecting overlie, it has great uncer- 
tainty. In the gault there is another im- 

rmeable stratum, but of dimensions too 
smal]. The lower green-sand contains no 
beds sufficiently continuous and impermea- 
ble. The Weald clay ranges about half- 
way across the Channel; and if a b:It of it 
should possibly pass round at the north end 
of the Varne and range to Wissant, it 
might prove to be worth further inquiries. 
In the Kimmeridge clay there is again a 
deposit of sufficient dimensions, but with a 
subordinate band which may be sufficiently 
permeable to present difficulties, while, 
though it comes to the surface on the French 
coast, its depth on the English coast must 
be very considerable. There is, however, 
just achance that the Kimmeridge clay 
may in mid-channel be overlapped uncon- 
formably, and at a slight angle, by the 
Weald clay, and in that case they might 
for all purposes be considered as continuous 
strata. The Oxford -clay presents similar 
difficulties, in addition to its greater depth 
and inaccessibility. In the secondary strata, 
the irregular lie of the strata, and the pres- 
ence of faults, are contingencies important 
to be considered. 

“On the other hand, the great mass of 
the Paleozoic rocks, so protected by imper- 
meable overlaying strata, is of such great 
dimensions, and so compact, and holds its 
range so independently of the more irreg- 
ular range of the secondary strata, that it 
offers the conditions most favorable for the 
secure construction of a submarine tunnel; 
and that such strata can be worked in safe- 
ty, and for considerable distances under 
great bodies of water, has been proved at 
‘Whitehaven and Mons. But, on the other 
hand, the depths of these o!d rocks below 
the surface is very great, and they are much 
more dense and harder than the overlying 
formations. 

“There is another important problem in 
connection with the Palaeozoic rocks which 
such an undertaking might help to solve. 
The great question of the range of the coal 
measures under the south of England has 
lately come prominently into notice; and it 
was, in fact, in inquiries connected with 
that question that the foregoing considera- 
tions presented themselves to the author. 
The rich coal basin of Mons and the north 
of France has been traced to within 30 
miles of Calais, where it thins out; but, like 
the ccal basins of Liege, Aix and West- 
phalia, which form separate sections of the 





same great trough, to the eastward, so 
there is reason to suppose that other sec- 
tions of the trough set in on the westward, 
forming other coal basins, which possibly 
range to the west of England (Somerset- 
shire), passing under the north-eastern part 
of Kent and the Thames. Any such work, 
therefore, as a submarine tunnel in these 
Paleozoic rocks could not fail to throw 
much light on the subject; while, in case 
it were to hit upon the line of strike of the 
coal measures, and could be carried on 
along that line, the work might prove oth- 
erwise remunerative, and tend to solve the 
great problem which interests so largely 
both geologists and the general public. 
“Such, briefly, are the conditions which 
be ron the construction of a submarine tun- 
nel between France and England. The au- 
thor is satisfied that, considered on geological 
grounds alone, it is in one case perfectly prac- 
ticable, and in one or two others it is possibly 
so; but there are other considerations besides 
those of a geological nature, and whether 
or not they admit of so favorable a solution 
is questionable. In any case the author 
would suggest that, the one favorable solu- 
tion admitted, it may be desirable, in a 
question involving so many and so great 
interests, not to accept an adverse verdict 
without giving to all those other considera- 
tions the attention and deliberation which 
the importance of the subject deserves. 
“Under any circumstances, the difficul- 
ties are formidable. Whether or not they 
are insuperable are questions which may 
safely be left to civil engineers. The many 
and great obstacles overcome by engineer- 
ing science in late years lead the author to 
expect that, should the occasion arise, and 
the attempt be considered worth the cost, 
the ability to carry it out would not be 
wanting. Various preliminary trials are, 
however, indispensable, in order to clear 
up some of the geological questions, before 
a balance of the comparative advantages 
presented by the different formations could 
be satisfactorily settled, and before the 
grounds for action could be accepted.” 
From this it will be seen that the possi- 
bility of a Channel Tunnel remains now 
only with the engineers to decide. Geology 
has told them all the natural conditions 
under which they will have to work, so far 
as these can be known without actually 
tunnelling; and since so cautious a rea- 
soner as Mr. Prestwich thinks it possible 
to carry out the scheme from a geological 
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point of view, we should think that if it 
could be proved that the undertaking would 
pay, our engineers would be eager to show 
that the resources of their art are quite 
equal to its successful accomplishment. 





REPORTS OF ENGINEERS’ SOCIETES. 


pet STEAM Users’ AssocraTIon— 
CONTEMPLATED BOILER EXPERIMENT.— 
From the chief engineer’s report of this associa- 
tion, we learn van it is intended = carry out 
some experiments for the purpose chiefly of ob- 
taining information as to the weakness in boilers 
due to the openings cut fur manholes, etc. We 
cannot do better than reproduce Mr. Lavington 
Fletcher's programme :— 

“Those at all conversant with the association’s 
monthly reports must have observed how many 
boilers have given way through the weakening 
effect of the manhole on the cylindrical portion 
of the shell, a fact to which boiler makers do not 
seem to have attached sufficient importance, or at 
all events till very recently. Those manholes 
from which the explosions recorded have arisen, 
have been unguarded, but the question remains 
whether the mouth-pieces now adopted for 
strengthening them are sufficient for the high 

res coming into such general use, and also 

w safety may be attained without unnecessary 
expenditure. In a well-constructed boiler the 
flue tubes are +o well armed against collapse, and 
the flat ends so well stayed, that the weakest 
of the structure is the cylindrical shell, and if this 
be double riveted, then the weakest part of the 
whole boiler is the manhole or other similar open- 
ing. This is apparent on a consideration of the 
strains, and is very frequently exemplified prac- 
tically on the application of the hydraulic test. 
On such occasions cast-iron manhole mouthpieces 
not infrequently give way. and the boilers some- 
times rip open on the top in a longitudinal direc- 
tion. In one case « steel boiler though strength- 
ened with a wrought iron manhole mouthpiece 
rent on each side of its longitudinally. Boilers 
also exhibit distress at the base of the steam 
domes, and in some recent experiments made in 
America to test the strength of boilers by burst- 
ing them under steam pressure the boiler was 
found to give way at that part. The association 
has always been alive to this weakness, and has 
for many years induced its members when laying 
down new boilers, to dispense with steam d 


of cylindrical boilers worked at high pressures, 
and therefore it is proposed to construct an experi- 
mental boiler for the purpose of testing these 
necks and manhole mouthpieces by hydraulio 
pressure carried up to the bursting point. 

“In the first instance it was proposed to con- 
struct a small cylindrical egg-en‘ed boiler, say 5 
feet 6 inches in diameter, and to plant such 
necks and mouthpieces upon it as it was thought 
to be desirable to test. n further consideration 
of the subject, however, it appeared thut the ex- 
periment would be of far greater value if ex- 
tended toa L hire boiler of ordinary working 
proportions, though its length might be some- 
what shorter. In this way the precise diameter 
adopted in everyday practice, and also the pre- 
cise thickness of plate, could be tested as well as 
the actual patterns in use for manhole mouth- 
pieces, etc., which would afford more direct, and 
thus more satisfactory conclusivns. Further than 
this, the adoption of an experimental boiler of 
the Lincashire type would allow the opportunity 
at the same time of testing the strength of the 
furnace tubes both as regards collapse and elonga- 
tion, as well as of testing the flat ends with their 
gussets and longitudinal stays, and also the cylin- 
drical shell at the longitudinal seams of rivets. 
Such a test would be most complete, and, after 
the disastrous explosion at Blackburn, would, it 
is thought, be of considerable practical value. 

“With this view it is proposed to construct a 
Lancashire boiler, having a length of 21 feet, a 
diameter in the shell of 7 feet, and in the furnace 
tubes of 2 feet 9 inches, the longitudinal seams 
being double riveted, the front end plate attached 
with an external angle iron and the back with an 
internal one, and both strengthened with sub- 
stantial gussets and longitudinal bolt stays, the 
thickness of the plates seven-sixteenths in the 
cylindrical portion of the shell, three-eighths in 
the furnace tubes and 4 inch in tie flat ends. 
The reason for the length of the boiler is as fol- 
lows :—It is important that the belt of plating on 
which the manholes and necks to be operated up- 
on are placed should be free from all bias, and 
therefore it is proposed to plant the manholes, 
etc.,on the belt of plating midway between the 
two ends of the boiler. and further to allow a free 
belt on each side of this one, so that it may not in 
any way be strained or affected by the action of 
the gussets. This involves a length of three belts 
of plating, and as the gussets occupy two belts of 
plating at each end, that involves seven belts 
together, and as these are 3 feet wide, it makes up 
the length of 21 feet. This length may at first 
sight app considerable, but it will add to the 








altogether. Many boilers, however, have open- 
ings cut in them at the base of steam necks, 
which are very similar to manholes in size. but 
are not by any means equally strengthened. 
These necks are sometimes planted on the top of 
boilers as much as 7 feet in diameter, and worked 
up to 70 or 80 pounds. They are inherent also in 
the construction of the French or elephant boiler, 
and many others now introduced for working 
steam at high pressures. Such boilers are some- 
times placed in the basement of very lofty build- 
ings, so that in the event of an explosion the re- 
sults would be most serious. It is thought, there- 
fore, that no uncertainty should be allowed to ex- 
ist as to the effect of these openings on tho strength 





value of the experiment not only as regards the 
shell but also as regards the collapsing tendency 
of the flue tubes, while it would not materially 
increas* the expense of the experiment. 

“The general outline of the experiment it is 
proposed should be as follows :—In the first place 
plant on the top of the central belt of plating a 
wrought iron neck of such a thickness and diame- 
ter as is now met with in boilers under inspec- 
tion, viz., from 15 to 16 inches in diameter, seven- 
sixteenths of an inch in thickness, and attached 
to the boiler by a single line of rivets, the neck 
being blanked up at the top withacover. This 
being done the hydraulic pressure to be applied 
and carried on until the plate bursts. The pres- 
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sure to be increased steadily, and meanwhile the 
behavior of the boiler to be carefully watched and 
measured. The furnace tubes to be gauged inter- 
nally in the direction of their diameter to see if 
any tendency to collapse is discernible, and also 
gauged longitudinally to see if any extension of 
the flanged seams es place. The fiat ends to 
be tested both with and without the longitudinal 


bolt stays and gauged under both conditions at a | 4 


number of points, so that their behavior may be 
ascertained. The wrought iron neck or manhole 
mouthpiece, as the case may be, to be gauged 
longitudinally and transversely to see what 
change of form takes place under the strain put 
upon it by the shell, and further, to ascertain the 
strain put upon the plates around the opening, a 
number of parallel lines to be inscribed upon the 

te in a longitudinal direction before the pressure 

put on, when it is expected that they will curve 
or bulge outwards away from the manhole on the 
application of the test. The amount of curve will 
no doubt much depend on the character of the 
plates. 

“ When the first neck has burst it would then 
be replaced with such other necks and manhole 
mouthpieces as it was thought desirable to test, 
the belt of plating also being renewed as occasion 
might require. As it is proposed that the central 


belt of plating should be an external one, renew- 
ing one of the plates on this belt as often as was 
necessary would not be a matter of much diffi- 


“>,” 

“There are many other points to which it 
would be worth while to direct attention, which 
will suggest themselves on further consideration, 
but the above is just an outline for the considera- 
tion of the committee.” 

NoTre.—At the meeting at which the report 
was read, the committee took into consideration 
the above proposition to construct an experi- 
mental builer to be tested with water up to the 


bursting point, and resolved to carry it into oper-’ 


ation at once. 


HE AssocraTION oF Mouwicrpat AND SANITARY 
E> GINEERS AND SURVEYORS 

The Annual Meeting of the Members of this As- 
sociation was held in the Council Chambers, 
Birmingham, on Thursday, the 28th ult., and 
following days. The annual report showed that 
the one ew of the Society during the past year 
had been most encouraging. 

The President (Mr. Lewis Angell) then delivered 
his inaugural address. After congratulating those 

resent upon the success which had attended 

heir efforts to estublish the Association, he said 
they had united the scattered members of a special 
branch of their profession, and created an esprit 
de corps ; already they had a history and an influ- 
ence. 

Mr. C. Jones, the secretary, then delivered an 
address on ‘Sani Legislation and its Practi- 
cal Exponents.” In the course of it he referred to 
the re ge of officers under on title of In. 
spectors of Nuisances” to carry out the provisions 
of the Sanitary Acts. é 

Mr. E. B. Ellice Clarke, of Ramsgate, then read 
& pape: on **Sewage Ventilation,” in which he 
stated that the evidence he had obtained from 
nearly 10) towns showed a deplorably backward 
state of things as the actual ventilation 





of the sewers. The conclusion he came to was 
that by far the most effective system yet adopted 
was the simple one of open —_ in the centre 
of the street. Crude it might be yet it had well 
answered its purpose, aad it a yom many ad- 
vantages over any system that had been attempted 
to deodorize the gases. It was not liable to get out 
of repair, and from its entire simplicity, was uo- 
uestionably superior to any other mode in dilu- 
ting and dispersing the gas. With modification, 
he ‘elioved it to be the only way of ventilating 
our sewers 

Mr. E. Monson followed with a paper on ‘‘ The 
Sewage Difficulty ; including the value and purifi- 
cation of sewage, farmyard, and artificial ma- 
nures,” which went to prove that as there was no 
demand for sewage, there was much difficulty 
in disposing of it, and as the result claimed for it 
might also be claimed for irrigation, sewage could 
not be utilized at a profit if it had to be pumped, 
but it might pay its expenses if utilized by gravi- 
tation, and that the attention of town authori- 
ties should be directed to its purification by 
filtration, and by utilization to a limited extent, 
as these required less land, and did not entail so 
much expense. 

The President read a paper on the general sub- 
ject. Mr. Prange described \ Whitthread’s process, 
which consists ‘‘in adding dicalcic phosphate, 
dissolved in an aqueous solution of monocalcic 
phosphate, to the sewage as it flows from the sew- 
ers, and when the whole was well mixed, in adding 
milk of lime in sufficient quantities to precipitate 
all the phosphates, avoiding an excess of lime.” 

Dr. Anderson gave a sketch of the Sulphate of 
Alumina process which he is carrying out at Cov- 
entry, and which he expects will pay expenses 
and yield a profit. 

Colonel Jones, V. C , read a paper on his mode 
of treating the sewage of the small town of Wrex- 
ham. Descriptions were afterwards read of the 
Phosphate process by Mr Tanner, of the Cement 

rocess by Major-General Scott. O. B., and of 
ilburn’s process. Dr. Wilson, the Medical Of- 
ficer of Health, said that many of the processes 
had been made Stock Exchange speculations, and 
had not therefore been put before the public so 
honestly as they might have been. Looking at 
the question from a purely medical point of view, 
he believed the water carriage system was the 
best system, and he had no hesitation in recom- 
mending the adoption of water-closets in all towns 
where there was a good water supply. 

Subsequently Mr. T. A. Skelton read a Paper 
upon “ Gas Street Lighting,” which described his 
Catropric lamp. 

On Saturday the proceedings of the meeting 
were brought toa close by an inspection of the 
sewage works at Saltley, belonging to the Birm- 
ingham Corpcration. — Architect. 





TRON AND STEEL NOTES. 


LAG AS A BUILDING MATERIAL.—Mr. W. F. 
Hooper, Professor of Architecture and Build- 
ing Science, Royal Polytechnic College, London, 
has published a letter on this subject. He says:— 
“It is a matt r of astonishment to me that col- 
liery owners and others, who have such enormous 
quantities of this waste material at their command, 
have not utilized it toa much greater extent. In 





IRON AND STEEL NOTES——-RAILWAY NOTES. 


379 





it they have the most valuable material that it is 

ible to obtain for erecting the class of build- 

they require; and yet they not only treat it 

as a waste, but they cover acres of valuable land 
as a shoot in order to get rid of it. 

“ As I have planned and superintended the erec- 
tion of hundreds of buildings in concrete in dif- 
ferent parts of the country during the last ten or 
twelve years, and have constantly used slag as an 
aggregate wherever I could procure it, perhaps a 
few facts from me respecting my experience of its 
use might be not unint~resting. 

“Tt is now a well-known a established fact 
that where good aggregates. such as slag, gravel, 
broken sandstone, furnace ashes, or other hard ma- 
terial free from loam or clay, can be procured to 
combine with cement, concrete buildings are not 
only the cheapest but the most durable that can 
be erected. They are the cheapest because no 
akilled labor is required in their erection, so that 
the annoyance arising from the strikes of masons 
is avoided. and their durability has been fully 

ved, many having stood from time immemorial. 
Bu t these are by no means the only advantages of 
concrete. Stone and brick, the ordinary building 
materials of this country, are more or less porous, 
and absorb not only a vast amount of moisture 
during wet weather, which requires weeks of fine 
weather or tons of fuel to evaporate, but they also 
absorb the animal gases, and in cases of epidemic 
are a main cause in the spread of disease. Now, 
with concrete this absorbent property is reduced 
to a minimum, as has been fully proved by erect- 
ing cisterns made of the material. and although 
placed over theceilings of rooms where the slight- 
est leakage would be discernible, no damp has ap- 
pore Thus for fi:t roofs itis invaluable, and 
its strength and tenacity are such that it can be 
used to cover large surfaces with but slight sup- 


port. 
“ As I said before, slag is the very best material 
to use with cement for these buildings. Having 


been subjected to intense heat. all icles of 
loam, or clay, etc., that would tend to the ce- 
ment and render the work rotten, have been re- 
moved, and its rough, honeycombed character 
forms a perfect key in the work. About two- 
thirds the quantity required should be broken 
either by machine or hand to the size of walnuts, 
with sufficient of smaller to fill up the cavities be- 
tween ; the remaining one-third should be used in 
lumps (but not larger than two-thirds the thick- 
ness of the wall),and packed in layers in the 
centre of the wall, the smaller, mixed with cement 
in the proportion of eight to one, being poured 
round.”— Architect. 


ALUE OF IRON WASTE.-—A very important but, 

until quite recently, neglected constituent of the 
waste-heap are the old iron, battered saucepans, 
old pails, rusty hoops, horse shoes and nails from 
the road. All soldered articles have the sol- 
der extracted ‘irom them, as it is more valuable 
than the iron, and the cheaper metal is then melt- 
ed. The horseshoe nails are not mixed with the 
common cast-iron, as they are much sought after 
by gun-makers for the purpose of making stub- 
twist barrels. Scraps of iron, it is found, may be 
made very useful in securing the copper in the 
streams washing veins of copper pyrites. Pieces 


of battered iron ore placed in tanks, into which 





these are collected: the copper, under these cir 
cumsiances, incrusts the iron, and, in process 
of time, entirely dissolves it, so that a mass of cop- 
per takes the place of the iron, and the residuum, 
in the shape of a colored deposit, is at times taken 
out, dried and smelted. Thus, from the —_ 
and apparently worthless waste. a large value is 
realized. —Rai.way Register, St. Louis, 


T= total _ of pig iron made by the fur- 

naces of Milwavkee in 1873, was 35,123 
tons, about 500 tons less than the amount estimat- 
ed at the beginning of the year. The total pro- 
duct of all the furnaces of Wisconsin was 73,983 
tons 

The contracts for the building and machinery 
of a new rolling mill at Milwaukee, Wis , for the 
Milwaukee Iron Company, are already let, and it 
is expected to have the new establishment in full 
operation by the Ist of September next. The 
main building will be of brick and iron, 80 by 216 
feet and the capacity of the mill is estimated at 
50 tons of bar iron per day. The company enters 
upon this new enterprise with every assurance of 
success, and it cannot be doubted that its advent 
marks a new era in the manufacturing industries 
of Milwaukee. It is the only link that has been 
wanting in the chain of facilities afforded by Mil- 
waukee for the successful prosecution of iron man- 
ufactures of every description. 

Ground has been broken for an iron furnace at 
Hackettstown, N. J., between the railroad and 
canal, twenty acres having been set apart for it. 
The furnace is to be fifteen feet bosh. stack fifty- 
five feet, and will have a 400 horse power engine. 
It will be capable of turning out from 200 to 225 
tons of iron per week.—Hnginecring and Mining 
Jvurnal. 





RAILWAY NOTES, 


HE Fastest TRAIN ON THE CONTINENT.— 
Probably the best specimen of an Am>rican 
highway to be found anywhere is the Pennsylva- 
nia Railroad, between Pittsburgh and New York. 
In solidity of construction, superiority of bridge 
architecture, and smoothness of track, it is unri- 
valled. Thronghout its entire length it is laid with 
a double track of 60-lb. steel rails, fastened on oak 
ties, imbedded in broken stone ballast, with splice- 
joints between the ties, and so arranged that the 
connection on one side comes opposite to the cen- 
tre of the rails on the other. The rolling stock isas 
near perfection as human ingenuity and skill has 
been able to make it. Locomotives and cars are 
alike built by the company at their own shops, and 
in the details of materials, design and finish, com- 
bine the highest excellence attainable. To all this 
is added a rigid policy of management. exacting 
the utmost care and courtesy from employees of 
every grade, and the application of those effective 
safeguards—the Westinghouse ai:-brake and the 
block-signal system—showirg that whatever can 
be done for the safety of travelers has been done 
on this great line of railway. This high standard 
of excellence having been reached, the managers 
feel warranted in taking another advance step for 
the special benefit of through travel. and the Ist of 
June commenced running a fast daylight train 
from Pittsburgh to Philadelphia and New York, 
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with close connections at Harrisburg for Bal- 
ewer and Washington, on the following sched- 
ule: 
Leave Pittsburgh 7:25 A.M.|Arrive Baltimore 6:55 P.M. 

“*  Altoona...11:28 * “ Washington 9:02 “ 

“ Harrisburg3:25 P.M.| ‘ Philadelphia 6:40 “ 

“ New York... 9:30 * 

The magnificent run of 444 miles is made with 
but three stoppages—the first, of only 5 minutes at 
Altoona, after a stretch of 117 miles ; the second of 
20 minutes for dinner, at Harrisburg, after an un- 
broken dash of 132 miles, and the third and last, of 
only 5 minutes at Philadelphia, after a run of 105 
miles, leaving a single stretch of 90 miles across 
New Jersey to destination. No time being lost in 
stopping, the wonderful locomotive engines work 
away with the regularity of fixed machinery, 
taking their supply of water from the track tank 
as they go, and carrying their fuel with them; and 
the time is made by uniformity of p: more 
than by an increased speed. The train is made up 
of Pullman purlor cara and the best of the Com- 
pany’s day coaches, all splendidly upholstered, 
mounted on combination springs, and furnished 
with plate-glass windows, through which the 
landecape can be distinctly seen. And here 
comes in the great charm of this daylight ride 
through Pennsylvania, for the train leaves Pitts- 
burgh at 7:30 in the morning and reaches Phila- 
delphia at 6:45 in the evening. On. on, on, goes 
the tireless train, over a clear track, carrying the 
traveller by a panorama, the like of which can be 
found nowhrre else on this continent, and probab- 
ly notin the world. After having breakfasted in 
Mississippi Valley and dined at the capital of 
Pennsylvania, the passenger finds himself at sup- 
per in the metropolis of New York. A few years 
ago a man who would have predicted such a ride 
would have been pronounced hopelessly insane. 
But it is a fact accomplished—a reality of the day, 
and all that is left for the people is to wonder and 
enjoy.— Pittsburgh Commercial. 


HALER’s COMBINATION SIGNAL AND FLASH- 
Licut.—This article is the very best of its 
kind in existence, and should be on board of every 
kind of vessel, steam or sail. It is the perfection 
of the lantern and flash signal. It is simple, safe, 
reliable and inexpensive, and its universal adop- 
tion and use would unquestionably be the means 
of saving many lives and much property. Its 
value consists in part : 1st. As an ordinary lamp or 
lantern. 2d. As a convenient danger or tele- 
graphic signal, always ready and at hand in case 
of accidents, alarms, fogs, or threatened collis- 
sions. 3d. As a powerful illuminator in dark 
nights, rendering the smallest objects visible for 
many yards distant in all directions. 

Tt has received the warmest commendations from 
all who have ever seen its operations. It is 
adopted by the Board of Supervising Inspectors 
of “Beoamboste, by the Navy Department, Life 
Saving Service, Coast Survey, &o. The Commit- 
tee of the Board of Supervising Inspectors report 
upon it as follows: “It is a simple contrivance, 
and ite effect as a Signal Flash Light is perfection 
itself.” The invention is an improvement on Sig- 
nal Lanterns for Railroads, and is equally useful 
wherever flash lights are required. Itis an ordin- 
ary lantern, in which lard or sperm oil is used, 
with a separate reservoir containing naphtha or 





volatile oil held in suspension by cotton batting 
packed in a wire gauze sack, and by means of a 
cylinder or air-tube passing through said reser- 
voir common air is injected and forms with the 
volatile oil hydro-carbon gas, that escapes through 
a tube-adjoining the fixed light, creating thereby 
a brilliant flame a foot or more in length, and 
visible for a very long distance, 

In connection with this invention, known as 
the Shaler Combination Signal and Flash Light, is 
@ can, represented to be entirely safe, for the 
transportation of naphtha, it being provided with 
shields to its apertures of wire gauze, acting on 
the principle of the Davy lamp. 


RIAL OF A HypRAvLIC Brake.—A trial of the 

Henderson patent hydraulic brake was made on 
the West Chester and Philadelphia Railroad, 
July 21, and is thus reported by the Philadelphia 
ledger: 

“ The train consisted of five passenger cars and 
one baggage car, attached to a large and powerful 
locumotive. It left the depot at 11 o’clock, and 
ran about ten miles up the road, during which 
several stops were made, and the workings of the 
brake thoroughly tested. The first stop was made 
on a grade with a descent of 15 feet to the mile, run- 
ning at a speed of 35 miles per hour, when the 
train was stopped in a distance of 630 feet and in 
204 seconds time, with a boiler pressure of 105 
pounds to the square inch. The second was made 
on a grade of about the same inclination, at a 
speed of 32 miles, and ina distance of 540 feet, 
at a boiler pressure of 115 pounds to the square 
inch. The third stop was on a level, at a speed of 
35 miles an hour, and was made in 840 feet, in 28} 
seconds time, with a boiler pressure of 105 pounds 
to the square inch. This stop was made by bell 
signal from the rear end of the train. 

“ The brake is under the control of and is work- 
ed by the engineer of the locomotive. The fol- 
lowing description will give an idea of the man- 
ner of its operation. Between the wheels of each 
truck there is placed a cylindrical vessel of cast 
iron, whose ends are formed of two dish-shaped 
flexible diaphragms of India-rubber. secured to 
the drum, and making an air-tight joint at the 
periphery by flanges bolting thereto. Two rams 
working in opposite directions are fitted against 
and into the hollow part of the diaphragms, their 
outer ends are attached by rectangular flanges 
and bolts to the brake-beams carrying the brake- 
shoes. The several castings are simply bolted to- 
gether, with the diaphragms, as they come from 
the foundry, without recourse to the usually ex- 
pensive mechanical fittings. 

“When pressure comes between the diaphragms, 
it simply forces them apart, projecting the rams, 
which act immediately on the brake-beams, 
applying the brakes; and when the pressure is 
relieved the atmosphere reacts on the area of the 
rams and forces them back, assisted by the tend- 
ency of the diaphragms themselves to recover 
their normal condition.” 





ENGINEERING STRUCTURES, 


ORK ON THE GOSCHENEN SIDE OF THE ST. 
GOTHARD TUNNEL was advanced 82 metres 
during May, and on the Airolo side by about 45 
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metres ; total 127 metres. By the end of May, 
1823.40 metres altogether were accompli and 
on the 8th inst. 1840 metres. The progress at the 
Goschenen side was very satisfuctory, considering 
the continuing hardness of the rock. In conse- 
quence of au accident by which several men were 
killed, the works were for a time almost inter- 
rupted, having a considerable influence on the ad- 
vance of the work. An investigation has shown 
that the accident was due toa want of caution on 
the part of the unfortunate men. The three 
wounded are reported almost out of danger. On 
the Airolo side the works are very much hindered 
by the great influx of water. The low result of 
last month is, however, also attributable to sick- 
ness among the more skilled workmen and to the 
extraordinay tenacity of the rock, which resists 
sometimes even dynamite. The hornblende and 
gneiss formation encountered, though it was cal- 
culated that they would be met with, are not of 
get thickness, but they will be struck again. 

e results obtained during the last week of the 
month where somewhat better, and there is no 
reason for supposing that in Airolo also better 
progress will not soon be made, By the end of 
this month a sufficient number of the improved 
McKean boring machines, at present only p»rtial- 
ly employed, will be ready, and they will then be 
exclusively employed in the works of the tunnel. 


NOTHER DETROIT TUNNEL PROPOSITION.— 
The Detroit Board of Public Works have 
received a letter from Jerome Wenmacker, a 
French inventor, in New York, in which he 
makes a proposition to construct a tunnel under 
the Detroit River. His system is to pass under 
the stream with the crest of the tunnel nearly 
level with the bed, rendering the approaches 
shorter and less abrupt than they usually are; 
the depth of the water or the nature of the soil is of 
no consequence,'and when the work is well organ- 
ized it can be carried forward with greater rapid- 
ity than any work of similar magnitude on land 
can be. His plan embraces one coffer dam on each 
side, and two more at equal distances from the 
side dams further out. At each of these he would 
sink a shaft to the tunnel bed, and put on six 
gangs for the excavation. The earth, etc., could 
taken out at the nearest shaft and the materi- 
als for construction passed through the same. 
The tunnel would have a flat bed, a semi-circular 
arch being constructed of masonry with buttress 
supports on each side. The cost for two tracks 
would, according to Mr. W.. be about $60:) per 
running yard, and for a 4-track tunnel about 
$1,000 per yard. 


A New Tames TUNNEL.—At a special meeting 
of the Greenwich District Board of Works, 
Mr, T. Norfolk presiding, Mr. Barlow, of Charl- 


ton, who was largely engaged in the engineering 
arrangements of the Midland lines of railway, at- 
tended to ee gree the details of a scheme to pro- 


vide a road and railway communication from 
East Greenwich, across the marshes, to Blackwall 
Point, and thence straight across the river by a 
tunnel to Poplar, thus forming a direct communi- 
cation from the East India k Road, on the 
north side of the river, to the Woolwich and 
Greenwich Road, on the south side. By means 
of a section he had prepared, it was shown that 





the relative level of the river and the land is pe- 
culiarly favorable for the construction of ap- 
proaches to a tunnel passing under the Thames at 
the place proposed. The general gradient would 
be 1 in 40, and the length of the tunnel 600 yards. 
He called attention to the fact that east of Tower 
Hill there is no place where a crossing could be 
effected without involviug the necessity of passing 
over or under existing docks or dock comwmunica- 
tions, except the point selected; and that east- 
ward of this point the Kast India and Victoria 
Docks occupy the ground for such a further 
length of the river-side that a communication 
eastward of them would be of comparatively little 
value. Mr. Barlow stated, as bis opinion, that a 
tunnel of substantial build, and of dimensions 
suited to the large and important traffic which 
would pass Gueeab it, might be constructed ata 
cost less than the average cost of the bridges in 
the metropolitan area above London Bridge. The 
cost of the work would necessarily be affected by 
the dimensions, a subject which would have to be 
determined by the Metropolitan Board of Works 
and their engineer. Mr. Barlow then said that 
the project, so far as he had described it, was a 
public road, but it happened that the seme plan 
of crossing the river might also be used for rail- 
way purposes, On the north side there were five 
railway companies—the London and North-West- 
ern, the Midland, the Great Eastern, the Great 
Northern, and the North London—and there was 
a point on the railway near “anning Town, on 
the line owned by the Great Eastern, where all 
these companies had running powers; so that, 
by making a second tunnel for railway purposes, 
and uniting it to the Great Eastern system at this 
one point, the whole of the five railway companies 
could be brought across the river and obtain di- 
rect access to Greenwich, Woolwich, &c., and also 
unite with the South-Eastern system. Mr. Bar- 
low stated that until the subject was fully reported 
upon he was not prepared to speak definitely as 
to cost, but his impression was that, if the Metro- 
politan Board of Works made the road by itself, the 
cost would be from £500,000 to £600,000, but that, 
ifit was made jointly with a railway tunnel, its cost 
would be from £10u,000 to £250,000, He believes 
it would be advantageous to the railway compa- 
nies to take advantage of such an opportunity of 
obtaining a crossing of the river at this point. 
In requesting the exrnest atention of the Board 
to this proposed communication, he did so in the 
full conviction that, if the Metropolitan Board of 
Works constructed it asa tree highway, its cost 
would be amply repaid by the increased value 
given to a large area of property, by the saving of 
the expense of transport of a great amount of 
goods and merchandise now compelled to go 
round by London Bridge, by facilitating the in- 
tercourse between the northeast and southeast- 
ern districts of the metropolis, and by diminish- 
ing the delays and obstructions to the general 
traffic of London Bridge and several miles of 
streets, 





ORDNANCE AND NAVAL. 


{i= PotysPHERIC Suip.—Mr. Charles Meade 
Barnes has produced a new kind of ship, which 
he calls the Polyspheric. The bottom is flat, and 
fitted with three inclined planes with square ends, 
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the effect being as though three tenths of a gigan- 
tic saw were mvved-through the water with the 
sloping portion of the teeth first. The intention 
is to lift the Hull*out of the water. Mr. Barnes 
thus describes the experiments he has made with 
his model :— ‘ ‘ibe first of the experiments was 
made with a 7 lb. model. This model was by the 


propelling power driven forward over the water 
yards 


in 6 seconds, the rucket in that time hav- 
ing been completely discharged, and the model 
brought to a state of rest on the water. The av- 
erage speed observed in this cuse was 33 ft. in a 
second, or about 20 knots an hour, but it may be 
assumed that at its greatest, the speed could not 
have been less than 25 knots an hour. The second 
experiment was made with a model of similar 
form, but of slightly different proportions, and 
weighing with the full rocket 3 1b.3 oz. The dis- 
tance run in this case was 105 yards, and this dis- 
tance, the time being careiully noted by two inde- 
pendent observers, was performed in exactly 
three seconds, being at the rute of 63 knots an 
hour—a speed that will be allowed to far surpass 
any speed ever attuined by any water-borne object 
po ha The model, owing to the water s be- 
ing limited, was driven into the bank before the 
rocket was fully discharged, otherwise more than 
double the distance of 105 yards might have been 
Several months betore { had made some 
very satisfactory experiments with this model, 
when it had attained in rough water a computed 
of 4U0 knots with 3 oz. of powder, so that 
the result now recorded wus not greater than I 
had anticipated. The motion of both models was 
from the beginning to the en: of their course com- 
pletely steady, so us to give them more the ap- 
ce of sliding over smooth ice than of pass- 
ing over the surface of water. There was scarce- 
ly any water disturbance, though each model had 
a fixed rudder of thin metal by which they were 
directed in an absolutely straight line. There was 
no splash at starting, und at the end of their 
course the decks were found unwetted, and so 
evenly was the motiun maintained under the pro- 
pelling force of the rocket that, had it not been 
tor the draught of air, | feel sure that a set of or- 
dinary chessmen set up on their decks might have 
remained without being displaced during their 
course. 

** As I felt certain it wou'd be asked what would 
be the effect of using a rocket to drive a model of 
the ordinary shape, it is as well to state that not 
long before I made the experiments now brought 
forward, I endeavored to propel a ship-shaped 
model weighing 6 Tb:-with a rocket of the same 
size and charge as those--used. for my inclined 
plane models. Immediately aiter the firing of the 
rocket the model was urged forward, and when the 
speed increased its fore part was lifted out of the 
water so as to cause the model to fall over, and 
thus the experiment ended amid smoke and total 
ecnfusion. 

**The first or larger model was 3 ft. 9 in. long 
and 5fin. broad, and floated when at rest in 1tin. 
of water. The slope of the three paralle) inclines 
waslin 18. ‘he second model was likewise of 
solid fir, was 294in. long and 4fin. broad, and 
floated when at rest in tin. of water. Its three 
inclines were sloped to 1 in 17. When drawn 
slowly over the water these models are found to 
offer a larger resistance than models of the ordi- 





nary shape. This is evidently owing to the fact 
that at low rates of speed they curry a considera- 
ble quantity of water before each of the inclines. 
This they continue until the equilibrium between 
the horizontal pressure of the inclines forward 
and the pressure of the water in the contrary di- 
rection is destroyed. This action seems to take 
place suddenly, when the model at once rises in 
the water and passes over the mass of the hither- 
to obstructing fluid. No true lifting action of the 
water seems to take effect on the incl:ned planes 
until the water is relatively in full motion against 
them. Up to this period the water merely exer- 
cises a dead pressure aguinst the inclines. When 
the vessel is fairly lifted. and the water passes 
freely beneath its bottom, it will continue to over- 
ride the water, which can no longer be removed 
in the brief time given for the vessel’s passage, 
and to use this irremovable water as a support or 
fulcrum of infinite lubricity over wh ch it glides 
with comparatively smull and scarcely increasing 
resistance. 

“On one occasion I used the 7 lb. model with a 
rocket of the same power as those employed in the 
experiments detailed, und found thut over waves 
which might have had their intervals equal to one- 
half the length of the model there was no retard- 
ation whatever. The speed rec. rded and distance 
run was precisely the same as in a perfectly smooth 
pond. With other experiments fur the same pur- 
pose I have always fuund that waves have not 
caused any increased obstruction to a models 
course.” 

The facts are summed up ty the author as fol- 
lows :—‘“‘I now submit the question to an unpre- 
judiced public, among whom no doubt will be 
found many who will repeat my experiments 
with the same results, and by their verification 
aid me in overcoming those countless difficulties 
which every inventor has to encounter, when the 
invention he offers is one that tends tou change the 
foundations of weal*h and runs counter to the 
prejudice and self-interest of large and important 
bodies of men.’ —Hngineer. 





BOUK NOTICES. 


mK ANALysis.—A Practical Treatise on the 
Examination of Milk and its Derivatives, 
Cream, Butter and Cheese. By J. ALFRED 
WANKLYN, M.R.C.8. 12mo, $1. New York: 
D. Van Nostrand. 1874. 

We, in New York, have not yet adopted the 
elaborate means for preventing the adulteration 
of food which had for a long time been in opera- 
tion when this book was originally published. 
When we have, the value of works of the kind 
may be better appreciated. Meanwhile however, 
they are of use, not only on account of the practi- 
cal information they contain, but also as directing 
public attention to a question of much impor- 
tance, especially in the towns. The necessity of a 
supply of good milk is often regarded as merely a 
matter of convenience, justice or luxury. But it bas 
been amply proved that the health and proper 
nourishment of children are very seriously af- 
fected ty any deviation from the standard of 
purity in the milk supplied to them. Mr. Wank- 
lyn, the author of the little work before us, has 
for some years devoted special att.ntion to the 
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subject of milk analysis, both as a scientific inves- 

tion and for the in'ormation of local bodies as 
well as of the Gov. rnment of Great Britain, and he 
has given us in a condensed form, the teaching 
of his experiences Not the } ast important chap- 
ter in his bovuk is that wherein he exposes the 
failingsof the lactometer, upon which it has too 
long been the custom to rely, for testing the quali- 
ty of milk. It has long been +ffirmed that a more 
untrustworthy device than the lactometer has sel- 
dom emanated trom science, but we do not remem- 
ber to have -een its defects so prominently explain- 
ed by any previous writer. ‘It confounds together 
milk which is exceptionally rich with milk which 
has been largely watered.” And Mr. Wanklyn 
mentions the case of one of the London prisons 
where the authorities are especially particular 


about their supply of milk. T: ey allow no milk | part 


to enter the prison unless it comes up to the M 
mark on a certain lactometer. The mark is 
itched very high, and the milk purveyor reaches 
it by skimming the milk. This will be readily un- 
when the composition of milk is remem- 

bered. The density of the fluid depends on the 
ce of sugar, caseine, and mineral matters. 

t is lessened by ‘he presence of fat globules. 
Thus, one trick of the milk trade is actually en- 
couraged by the lactometer. The milk is partial- 
ly deprived of its cream first. This increases its 
swe br It is then dosed with water until it is 
Eons t to the nominal standard. This, it ap- 
pears, cannot well be discover -d by an estimation 
of the cre:m afterwar!, for if the process have 
been properly performed the watered milk, says 
Mr. Wanklyn, wi'l throw up the fat that is left 
on it more perfectly than unwatered milk. He 
therefore is of opinion that one of the first steps 
necessary to be taken in milk una!ysis is to aban- 
don the use of the lactometer. Nor does he think 
that the creamometer is very much more to be 
trusted. “The only really safe and satisfactory 
means of examiving milk is by means of an analy- 
sis of it.” This consis's in first determining the 
so'ids and the water. The fatty matters have next to 


‘be ascertained, which, being subtracted from the 


total amount of milk solids, gives the amount of 
“solids not fat,’ a knowledge of which is sufficient 
to enable a judgment to be come to as to whether 
or not the sample of milk has been watered. 

In the principle of his analysis, Mr. Wanklyn 
does not pretend to offer anything new, but in 
the course of his explanation of the whole detail 
of the proceeding it will be seen that he has re- 
duced it to an exceedingly simple form; and he 
has put the matter so plainly and explicitly 
that no one with any experience in laboratory 
work can fail to follow him successfully. We 
shall not attempt to outline the nature of that part 
of his book, which must be read; but it may be 
well to note a few of the results of his investiga- 
tions. Samples of good country milk were found 
to contain an average of 12.45 per cent, of solid 
matters. But many of the dairies that supply 
London are within the metropolis; and it was 
found, from a similir number of samples of rich 
town-fed milk, the solids rose to 14.07 per cent. 
Out of fifty-six samples of milk examined in Lon- 
don only fifteen were unwatered or nearly un- 
Watered. It appears, in fact, as the result of 
about 1,000 analyses that only about ten per cent. 
of the milk supplied to the British metropolis is 





genuine. As a fact, however, of more general im- 

rtance in increasing the value of the analysis, 
it must be noted that the composition of milk is 
found to be very constant. Thus, variations in 
the diet of the cow show themselves rather in the 
quantity than the quality of the milk, always as- 
suming that the animal is in good health. A com- 
— of the milk yielded by the poor and ill-fed 

ngali cow in India with that from the highly- 
fed animals in England, showed very little differ- 
ence between the two. But the amount given by 
the former was only a small fraction of that 
yielded by the latter. Mr. Wanklyn does not ap- 
pear to have much faith in the theories of milk- 
poisoning, and the production of typhoid fever by 
the use of so-called infected milk. But his notice 
of this subject is very brief. It is in the other 
of its contents that the chief merits of his 
book will be found, and as a concise practical con- 
tribution upon a subject of much hygienic impor- 
tance we fully recognize its value——V. Y. Times. 


i) ANUEL D’ANALYSE QUALITATIVE ET QUAN- 

TITATIVE AU CHALUMEAU. Par H. Corn- 
WALL. 8vo cloth, $10. Puris:Dunod. For sale 
by D. Van Nostrand. 

This fine octavo of nearly 700 pages, is a trans- 
lation into French of tie excellent American 
edition of Platiner’s Bowpipe Analysis. It will 
prove serviceable to t ose students who either 
from requirement or choice, pursue a technical 
study by aid of a text-bovk in a foreign language, 


) nERALOGY. By F. Rortey, F. G. 8. (Mur- 
by’s Text-books. ) 

Mr. Rutley’s little treatise on mineralogy has 
the merit of expressing in a clear and simple form 
the facts that are most wanted to be known by 
the general student of a science for which a small 
elementary English book is needed. The descrip- 
tions are concise, and the selection of the matter 
under each mineral generally good, Mr. Rutley, 
furthermore, gives some fitty pages of preliminary 
matter, which, though not always put in the 
most intelligible form, ) et embodies a considerable 
amount of useful technical teaching in regard to 
the physical properties of minerals. Mr. Rutley 
even enters, and very rightly does so, on the sub- 
ject of optical characters. But in these pages, as 
in the page on thermo-electricity, the author does 
not seem to have carefully revised what he wrote, 
or he would not have followed other authors in 
speaking of boracite as a uniaxal crystal, and 
would hardly have classed the dispersion of light 
by a diamond with the play of color exhibited by 
anopal. Nor is an optic axis correctly described 
as the only direction by looking along which the 
doubly-refracted images of a spot can be got to 
coincide, as Mr. Rutley will see if he looks 
at the spot through two opposite faces of the hex- 
agonal prism of a calcite crystal. He ingeniously 
endeavors to indicate the nature of the faces of 
his crytals by a sortof heraldic hatching and 
marking. The use of small! letters always indica- 
ting the character of the faces, asin Des Cloiz- 
eaux and other French treatises, might have done 
this usefully ; Mr. Rutley’s puzzling figures will 
probably only serve to scare away the English 
student, who needs every aliurement to the study 
of the neglected science of crystallography —atci- 
ence neglected merely because the rudiments of 
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geometry and trigonometry are not made a nec- 
essary part of every scientific student’s education. 
And it is a significant circumstance in connection 
with this neglect of scientific crystallography, that 
the geometrical methods and simple notation in- 
troduced forty years ago by our distinguished 
fellow-conntryman, the first living crystallo- 
grapher, Prof. Miller, are, we believe, untaught in 
any single lecture-room in London. 


To Martyrs or Screvcs. By Sm Davin 
Brewster, New Edition, with portruits. 
London : Chitto & Windus. 1874. 

This is a re-issue of an old and excellent book, 
consisting of the biographies of Galileo, Tycho 
Brahe and Kepler, turee of the great lights of 
astronomical science. The tale of their lives is 
well and impartially told. They were troubled 
beyond what one would naturally expect to find 
in the case of men devoted to what apparently 
* ought to be the quietest and most contemplative 
of pursuits ; but aftera careful perusal of their 
stories, one cannot help thinking that, not even 
excepting Gulileo, they brought a great deal of 
their life-sorrows upon their own heads. A little 
bending to the inevitable, a better command of 
temper, and more attentiou to time and circum- 
stance, would have enabled all of them to turn 
the flank of their perplexities without detrimen: 
to the trutbs which had been given them to 
proclaim. —Jron. 


REATISE ON PRACTICAL SOLID or DeEscriP- 
TIVE GEOMETRY; EMBRACING ORTHO- 
GRAPHIC PROJECTION AND PERSPECTIVE OR 
RaDIAL PROJECTION. By W. TImMBRELL 
PIERCE, architect, late Lecturer on Geometrical 
Drawing at King’s College and Harrow School. 
With eighty-eight Plates of Original Drawings. 
London: Longman, Green & Co. 
Mr. Pierce informs us in his preface that he has 


been induced to write this work from the want. 


felt of a good English text book on the eubject, and 
we agree with him that in this respect our tech- 
nical literature has been behind that of France 
and Germany. The want just referred to Mr. 
Pierce appears to have well filled, and his treatise 
contains an extensive series of problems clearly 
treated and illustrated by diagrams well drawa 
and engraved to a large scale. The letter-press 
description~, too, are sufficiently tull to enable a 
student to follow the problems without further 
explanation from a teacher, a point of importance 
to many. 


) ANUAL FOR RAILROAD ENGINEERS AND EN- 

GINEFRING STuDENTs. By Prof. Gro. L. 
Voss, C. E. Boston: Lee & Shepard. Price 
$12.50. For sale by D. Van Nostrand. 


This is the second edition of this excellent work. 
The two former volumes now appear in one, and 
2 @ price considerably below that of the old edi- 


on. 

The book is absolutely indispensable to the rail- 
‘way engineer, or to the ineering student who 
aspires to a knowledge of th practical in railway 
matters. 

From the reconnoissances to the management of 
the running work, everything pertaining to this 
branch of Civil Engineering is fully and success- 
fully treated. 





The illustrations are abundant and well exe- 
cuted. 

The advertisement to be found in another page 
specifies the topics in their order of treatment. At 
another time we will speak at greater length of 
the merits which fit this work for students. 





MISCELLANEOUS. 


pie glaze, for pottery, originated in the East. 
Staviferous glazes are found with Egyptian 
mummies, on the splendid productions of the Per- 
sian potter, whose Yate wecan only guess at, and 
in tiles from the Moorish palaces of Southern 
Spain. It is, then, to be supposed that this secret 
lay long dormant among Oriental races, and was 
revived and communicated to European nations, 
with so many other half-lost arts by the Arabs, 
and Moors who conquered Spaiz. Tiles with tin 
glazes are found in the Alhambra, with a date 
ding to 1300 4. p., and there is no doubt 
that the Moorish potteries were established in this 
and the following centuries in Spain, in Portugal, 
and in Sicily, and wherever else the Moors had 
made their settlements. The Moorish potters 
made a very beautiful ware, known to collectors 
as Hispano-Moresque, and easily recognizable by 
the peculiar metallic lustre on its surface. This 
ware was largely exported from Spain to Italy. in- 
somuch that the finest pieces are to this day found 
in that country, and not in Spain; and in time 
the Italians to set up potteries of their own, 
and to imitate the Moorish ware. They called 
their imitations Majolica, or Maiolica—the ancient 
Italian name of Majorca—either because the Moor- 
ish pottery was made there or thence brought, or 
because the Itulians fancied that it was. At first 
the Italian potters could not compass either the 
lustre of the Moorish ware or the rich, enamel-like 
glaze of these foreign potters, and their first works 
were lead-glazed, and are known to collectors as 
half Majolica—* Mezza Majolica;” but towards 
the end of the fifteenth century they began to imi- 
tate the lustred wares. At last they got hold of 
the great tin secret, and their pottery soon sur- 
passed the Hispano-Moresque wares in beauty. 
In the Moors’ own specialty of lustred wares they 
were excelled by the Italians, and at the town of 
Gubbio a mode of imparting a lustre of a red color 
of surpassing beauty was invented—a secret that 
was never disseminated, and soon lost; and the 
rare ruby-lustred plates of Gubbio are now among 
the greatest treasures of the art collector. 
A RELIC oF THE MounD BvILDERS.—Dr- 
H. H. Hill, one of the most enthusiastic and 
successful coll.ctors of American relics. on a lute 
excursion to Ironton, discovered the great sand- 
stone anvil of these wonderful people. It was 
found about two miles above Ironton, on the farm 
of Mr. Luke Lelly. It is composed of very sharp 
grit, contains over one hundred depressions, weighs 
about five hundred pounds, and mrasures eight 
teet eight inches at its greatest circumference. It 
will be placed in the rooms of the Cincinnati So- 
ciety of Natural History, to which society the 
doctor proposes to present it.—Iren Age. 





